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A B S T R A C T
This thesis examines the ocurrence of different land use 
types on reclaimed bauxite-mined lands in Jamaica, and identifies 
some of the relationships between these land uses and four inde­
pendent variables -  method of reclamation, land tenure, pit size 
and their distance from settlements.
A fter discussing mining as a land use and its impacts on the
environment generally, the study describes the background to
mining in Jamaica, pointing out the uniqueness of the physical
environment there and the impacts that have resulted. The litera
ture reveals certain trends in the treatm ent of the topic of 
reclamation and shows a lack of information for Lesser Developed
Countries. This is the main rationale fo r the study.
The methodology used is based on the Harvey research para­
digm, and the study is a perception /attitude study. The 
assumptions and hypotheses that define the scope of the study are 
stated. The data was collected between June and December 1985.
Data analysis involved simple crosstabulations. An attem pt to  
use log linear analysis to describe the strength and significance
of relationships between the variables was unsuccessful because 
of inadequate data.
The results reveal that land use on reclaimed bauxite-mined 
lands in Jamaica is less influenced by the method of reclamation
used as was hypothesized, but moreso by the land tenure arrange­
ments. Except in the case of residential uses, pit size and
distance from settlement seem to have little  influence on the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
pattern of use observed. Few of the post mining uses have proved
to be sustainable.
Among recommendations made are that secure tenure arrange­
ments fo r these lands be encouraged, and that the methods of
reclamation which a ttra c t private ownership and more permanent
uses be promoted.
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CHAPTER ONE 
INTRODUCTION
1.1 In tro d u c tio n
This study examines land uses on reclaimed lands in two 
areas o f Jamaica which have been surface mined fo r bauxite, 
primarily to see what relationships can be found between the 
pat tern and four idependent variables which are generally 
observed to  influence land use. The four variables are the
method o f reclamation used, distance from settlements, size o f 
the reclaimed pit and land tenure. Secondary objectives are to
calculate the ratio o f reclaimed to  unreclaimed land and to  
determine the relative popularity o f the d iffe re n t reclamation 
methods practised.
The dependent variable here is land use and the distribution 
of this over space suggests certain general concepts of land and 
the dynamics o f land use determination. Land is simultaneously
the home o f man and a resource providing his needs, both 'basic’
and 'cultural’1. It can also be a commodity which is allocated 
to users according to  economic principles (Gilg, 1985), or a 
legal entity having certain ascriptive rights (P latt, 1975).
Because a single parcel o f land can be perceived differently  
by d iffe re n t individuals and also because it  cannot always
1 .Basic needs are those which every person requires to survive 
and include breathing, and eating . Cultural needs are those 
created to sa tis fy  certa in  l i f e  styles and include demands 
f o r  non-essential items such as jew e lle ry .
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2perform multiple functions, land is o ften  the cause of conflict 
situations. Where these occur, criteria and procedures must be 
established fo r  resolving the conflicts and determining priority 
functions. Among the factors .considered in this process are 
legal provisions, terms o f international agreements, avail­
able infrastructure, land tenure arrangements and spontaneous 
public actions.
Not only are there conflicts in the allocation o f land 
between users, but also in determining what constitutes 'land 
use’ -  the activity on the land or the surface appearance. Such 
conflicts can sometimes be softened through land use studies 
which have been a constant featu re  o f land related discussions.
Their focus has changed over time from the early deterministic/ 
descriptive works o f Hartshorne, Sauer and Vidal de la Blache, 
through the more analytical approaches o f Berry and Losch, to  
more recent perception/attitude studies. These studies argue 
th a t land use represents the public perception o f the utility
value o f the area concerned (Penning-Rosewell, 1982 and Price, 
1976). This determines their a ttitude and hence, their inclina­
tion to  invest income, time and e f fo r t  in particular enterprises
(Patton, 1981). The result is a defin ite  p a tte rn  o f uses.
The impact o f land use on the environment remains a signi­
ficant element in land use studies and Environmental Impact
Assessment studies have become one component o f the land use 
decision-making process (Glacken, 1967). The impacts are not
always negative since some introduced land uses (e.g. re fo res ta ­
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
3tion o f mountain slopes) are regenerative. Others are degenera­
tive, and, as such, are non-repeatable in the same location 
because they deplete the system th a t sustains them (Miller, 
1985). Mining is one such degenerative land use.
1*2 Mining as a Land Use
As an activity, mining occupies a comparatively small area 
of land in Jamaica as the following figures from the Ministry o f 
Agriculture (1980) showing the national distribution o f land use 
categor ies illu s tra te .
Pasture 2 4 . 6 3 /
Forest 4 6 . 2 3 /
Agriculture 1 8 . 9 5 /
Urban/Residential 5 . 5 2 /
Wetlands 1 . 4 3 /
Mining 0 . 4 4 /
Miscellaneous 2 . 7 0 /
Total 1 0 0 .0 0 /
Source: Ministry o f Agriculture, Jamaica, 1986
However, mining is a location specific activity which o ften  
requires conversion o f land from other uses. This can create  
problems of immense proportions. Conversion to  mining uses is 
usually initiated to  satisfy cultural and/or economic needs, and 
is dependent on available technology. Mining tends to  be given 
priority status where land is perceived as a 'stocK'^ resource,
tL'Stock* resources are  those such as oil which are  expendable. 
'Flow* resources on the other hand are  renewable.
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*he use of which is aimed at maximizing its potential. Because 
it degenerates its supporting system, mining is a temporary use 
type which should be carefully executed so as not to preclude 
fu ture uses.
Ramani and Grim (1978) describe mining as entailing removal
of  'in situ’ material (solid, liquid or gas) from the surface or 
interior o f the earth. Removal can be accomplished in several
ways, among them being surface extraction, underground removal or 
hydraulic extraction. The oldest and still the most popular
method used today is surface mining. As the name implies,
surface mining requires removal o f material, (usually solid) from  
the earth's crust by a process which involves “the removal of the
overburden o f topsoil, subsoil, and other s tra ta  so th a t under- 
tying mineral deposits can be removed.H (Miller, 1985, p. 237).
This process modifies the environment in which it  is 
Practised and, among the impacts identified by Caudill (1973),
Downs and stocks (1977), Marshall (1982) and Revelle and Revelle 
(1984), are :- soil erosion, land subsidence, visual intrusion, 
land degradation, reduction o f vegetation cover, air, noise and
water pollution, and waste dumps. An overview o f the potential
impacts o f surface mining on the environment is given in the
following section.
1,2,1 Iho impacts o f Mining on the Environment
Bauxite mining in Jamaica is done by surface extraction and 
•ts impacts on the environment are many. The impacts which
surface mining activities have on the environment change with the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
5stage in the mining process, and are influenced by the type of 
mine, method o f extraction, climate, location and topography, 
among other factors . Downs and Stocks (1977), Ripley e t al„ 
(1978) and Marshall (1982) are among the several writers who
identify the four basic stages in the mining process as being
exploration, development, extraction and abandonment. There is
justification fo r  including an interm ediate phase during which 
speculation and assessment o f resource quality are done prior to  
development. Resource assessment determines the level o f
development which is feasible but by itse lf, does not directly 
impact on the environment.
First stage processing known as beneficiation and second and 
third stage smelting and fabrication activ ities are secondary 
uses which transform the ore into the desired end product. These 
stages also impact on the environments in which they exist, but
■they will not be dealt with in this paper since the emphasis is 
°n the impacts o f the primary activity o f extraction.
Primary exploration involves construction o f roads, vegeta­
tion clearance and drilling. This stage causes moderate and 
temporary surface disturbances which include siltation o f streams 
(McDonald and Dick, 1973), noise pollution (Stew art and Foraie, 
19?5) and exposure o f contaminated water to  the public (Arkay, 
1975)» impacts vary with location o f the operations and are
likely to  be more severe in fragile environments such as the 
Permafrost areas o f the fa r north and tropical rain forests than
,n temperate or tropical grasslands (Ripley e t al., 1978). The
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care with which this stage is executed can influence the levels
o f disturbance which occur a t the extraction stage. This phase 
does not impact significantly on the Jamaican environment because 
ore deposits o ften  have roads cut through them and are already
accessible. The other possible impacts are also rare because of 
the physical environment in which deposits exist.
The development phase involves the design and siting o f
buildings, access and service roads, location o f waste systems 
and stock pile areas, sinking shafts where these are required,
and installing other necessary in fras tru c tu re . It  generates
considerably more disturbance than the exploratory phase and the
results are generally irreversible as Shillabeer e t aj., (1976) 
and Marshall (1982) point out in their discussions o f the
inevitability o f the disturbances. Impacts here include surface
disturbance, air and noise pollution, possible relocation o f  
population and siltation o f streams. Bauer (1968), Sapperstein 
(1971) and Ripley e t  al., (1978) suggest th a t i t  is a t this 
stage th a t the long term environmental impacts o f a mine are 
determined and hence the development phase needs particular 
attention if  these are to be minimized. The construction o f
access and service roads creates the most obvious physical 
impacts in bauxite mining areas in Jamaica, while population 
relocation generates serious social impacts a t this stage.
Extraction, the third phase, entails the actual removal o f
and this is where the impacts can be most visible and severe.
Goldman (1972), Nephew (1972), Marshall (1982) and Revelle and
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Revelle (1984) confirm that the imapcts are contingent on the
method of extraction used (surface, underground, hydraulic, 
auger, etc.) Whereas Ripley e t al., (1978) and Revelle and
Revelle (1984) see surface extraction methods as including open 
Pit mining, strip mining and excavation of alluvial deposits such 
as sand and gravel, Miller (1985), includes dredging (of sand and 
gravel) and differentiates between area and contour strip mining 
as separate methods for surface extraction. It is at this stage 
that the physical impacts of bauxite mining in Jamaica are most 
severe because of the environment in which deposits are found.
Whatever method is included, surface mining can cause
considerable disturbance of the physical, economic and social 
environments. in addition to those mentioned above, changes in 
soil quality, vegetation and wildlife have been observed, as have 
changes in water quality and movement in areas subject to surface
mining (Marshall, 1982). Rigby (1985) suggests that the greatest 
impact of any development project is on the socio-economic 
environment acknowledging that this impact can be positive or 
negative. The development phase often brings a large number of 
transient workers to the area and causes massive injection of 
capital into some communities.
In addition to the obvious economic gains, mining develop­
ment has had some negative results in countries such as New 
Guinea (Brown, 1976) and Jamaica (Fuller, 1980), where popula­
tions have had to be relocated to facilitate mining activities, 
figure i adapted from Ripley et al., (1978), shows the interac-
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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FIGURE 1: INTERACTION BETWEEN MINING AND ENVIRONMENTAL IMPACTS
Source: Adapted and modified from Rip ley at al., 1978, p.k
tion between mining and the environmental impacts it generates.
One necessary but undesirable product o f the mining process 
is 'derelict' land which Simms and BecKett (1980, p. 4) describe
as “land which is so damaged by industrial or other development
th a t it  is incapable o f beneficial use without tre a tm e n t.M 
Abandonment is the stage th a t converts mined land into derelict 
land (Flenley and Lintell, 1980 and Sampey, 1983). While the
land is being excavated by the mining companies it is classified 
as being in mining or industrial use even though it may already
be in a derelict state . Abandonment of the mine site converts 
the status from useful to  derelict, lowering its value and
severely altering its use potential. Improvement or reclamation
work then becomes a necessary stage in the process, so as to  
increase the utility value o f the land. Abandoned bauxite mines 
»n Jamaica have extremely limited use potential as the resulting 
mugged terrain and rocky nature make it  difficult to  adapt them 
to other uses without restorative work being done.
1,2,2 The Need fo r Reclaiming Derelict Land
Reclamation o f mined bauxite lands is a necessity in Jamaica 
because derelict land has limited use potential. Goldman (1972), 
Thirgood (1977) and Paone e t a). (1977), argue th a t the utility
value o f mined lands is lower than its pre mine value, and 
acknowledge th a t corrective work is needed to transform them to
useful states again. Theoretically, mined derelict land can be
restored to previous levels o f appearance and productivity, but 
Cairns (1983) observes that up to the time of writing the paper,
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no economically feasible or physically practicable method had 
been found to do so.
Schaller and Sutton (1978), and Marshall (1982) have 
observed that very little  corrective work has been done in the 
United States of America (40V.) and Canada (10X), and the observa­
tion holds good fo r the U.S.S.R, (Volgyes 1974). Riley (1973, 
P. 42) states that "the reclamation o f disturbed landscapes is 
accepted by all responsible segments of society as absolutely 
essential to the improvement of environmental quality and the 
to ta l ecosystem".
Bauer (1968 and 1971), and Simms and Beckett (1980) also 
note that, but fo r a few exceptions (e.g. some urban areas in 
Canada, England, and the Rhineland in West Germany use of these 
lands in a ffec ted  countries have, till recently, tended towards 
afforestation and grassland, and seems to  be dictated by the 
method of reclamation practised, rather than by the use demand of 
the areas.
West Germany has demonstrated that it is possible to achieve 
satisficing uses on mined derelict land by pre-planning the end 
use and tailoring both mining and restorative activities to  suit 
the selected use (Bauer, 1971, Nephew, 1972). Shillabeer et al., 
(1976), and Allaby (1983) support this claim by giving some 
examples from Canada 8nd England, and more recently, Saperstein 
(1983), and Phillips and Shaw (1983) have recommended similar 
approaches fo r the United States and South Africa respectively.
with permission of the copyright owner. Further reproduction prohibited without permission
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This approach makes sense if  mining is seen within the 
context o f a dynamic land system having different resource inputs
interacting sequentially to yield outputs which can re-enter the
system through a feedback mechanism. Figure 2, overleaf, illus­
tra tes  how the activities relate -in sequence.
In this case, land with ore is the physical resource input. 
There are initial land use activities on both ore-bearing and non
ore-bearing land, but uses on the former can be restricted to
facilitate conversion if  the need to  extract ore arises. A 
decision to convert brings the new land use activity -  mining
into existence. Ore is the intended output, but derelict land 
and waste also result, necessitating mitigative action. In the 
case o f derelict land, this usually involves implementing
reclamation works to return it  to  the store of usable land, but
with d ifferen t potential. The stages in the mining process can
also be related to the sequence of activities as indicated in the
figure.
Because the impacts o f surface mining are largely visual,
the problem of reclaiming it may seem intractable at times. 
Knabe (1965), Harley (1976), and Downs and Stocks (1979) observe 
that derelict areas are small relative to  the size o f the
countries involved (fo r example, 0.3V. in England and 0.2X in the
United States), but because they are often located near to human 
settlements they appear monumental. The seriousness o f the
problem as it  exists must be appreciated so th a t suitable
corrective measures can be taken to protect the land resource
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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ACTIVITY
SEQUENCE
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MINING
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i Non-Reclamation
RECLAMATION
MINING EXPLORATION SPECULATION DEVELOPMENT EXTRACTION ABANDONMENT
STAGES & DISCOVERY & ASSESSMENT
RECLAMATION
FIGURE 2: SEQUENTIAL RELATIONSHIP BETWEEN LAND, MINING AND RECLAMATION
base as much as possible. In some instances, however, the extent 
of the problem is not known, so the urgency o f adopting remedial 
measures is not appreciated.
This is the case with many Lesser Developed Countries 
(L.D.C's) from which increasingly large amounts o f minerals are 
being exported (copper from Zambia and New Guinea, bauxite from 
Brazil and Ghana, and mineral sands from India), but fo r which 
there is very little  documented information. This deficiency 
became evident during the period spent researching the literature 
when considerable difficulty was experienced in locating r e f e ­
rences and articles on these countries.
High population densities in L.D.C's such as India make the
land resource more precious and the need to protect it  more
urgent. The resources o f a country are mobilized to supply the
basic and cultural needs o f its people. The population/resource
balance and o ften  the misuse o f these resources are among the
several factors which inhibit some L.D.C's from being able to
provide even basic needs o f their populations on a sustainable
basis (Global gooo Report. 1980). Among other measures, care
must be exercised in the way the resources are used and the
management practices which influence decisions on such matters.
This is particularly important fo r the land resource since its
care and use can influence the standards o f living achieved 
(IUCN, 1980).
As an initial step documentation o f the situation with 
regards to  resource use and availability is necessary, and
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assessing the principles on which land resources are assigned is 
critical. This exercise is even more important fo r  mineral
resources which are expendable and as such, cannot be relied on 
as a timeless source o f income. An understanding of the results
can help isolate problem areas and determine the most appropriate 
measures to be introduced to enhance the chances of providing the
populations’ needs on a sustainable basis. This study proposes
undertaking this f irs t  stage fo r one developing country, Jamaica.
1*3 The Study Proposal and Objectives
Recognizing the problems created by mining activities, the 
relatively poor performance recorded fo r restorative work in the
More Developed Countries (M.D.C’s), and the paucity of litera­
ture on the situation in L.D.C’s, this study attempts to document
the extent of, and the uses to which mined bauxite lands have
been put in Jamaica. Despite significant reductions in the
market demand, the island still relies heavily on its large 
bauxite resources fo r foreign exchange earnings. The ore is 
surface mined and its importance to the national economy together
with its legal status as Crown property, usually operate to give 
it  priority designation where conflicts arise.
The physical and social environments in which the activity 
takes place are such th a t impacts are visual, environmentally 
degenerative and socially disruptive in several ways. The law
which governs the activity stipulates post mining restorative
work as a condition attached to the grant o f permission to mine.
This condition, i f  e ffec tiv ly  implemented, should have desirable
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end results, and indirectly, this study will assess its e ffe c t. 
The country is relatively small and high population densities 
(201/Km2) maKe it necessary that the use to which each plot of 
land is put is as satisfactory as needs dictate and conditions 
allow.
The study therefore looks at the patterns of land use that
have emerged in two o f the six mining areas in the island to
determine the relationships between these and the four indepen­
dent variables, method o f reclamation, distance from settlements,
size o f the reclaimed pit and land tenure arrangements. The
primary objective is to  see whether the land use distribution 
conforms to the spatial patterns theorized or observed to exist 
ge ne r a l l y .
Secondary objectives are to  calculate the ratio o f reclaimed
To unreclaimed bauxite-mined land fo r comparative purposes, and 
The rate  of occurrence of different reclamation methods to iden-
t i f y The most popular ones. It is hoped th a t the results will
have some implications fo r policy adjustments which will ensure
That land use requirements in bauxite-mined areas can be met for
The foreseeable future.
An understanding o f the operational environment o f bauxite 
raining activities in Jamaica (outlined in Chapter 2), and a
Knowledge of the current professional lite ra tu re  (reviewed in
Chapter 3) indicate th a t land use options on surface-mined lands 
ar® generally limited by the reclamation methods employed and
That, except where required by law, there is a general reluctance
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on the part of operators to undertake reclamation works arguably
because o f the costs involved.
Based on these observations and the objectives stated above,
it is therefore hypothesized that:
1. There is a low incidence' of unreclaimed lands in
bauxite-mined areas o f Jamaica.
2. Some relationship exits between land use on mined lands
and the method o f reclamation employed.
3. There exist definite relationships among land use on
bauxite-mined lands and parcel size, land tenure and
distance from settlements.
4. There is a high occurrence of the reclamation technique
which is least d ifficult to implement.
It is instructive now, to discuss the development of, and
the operational environment o f mining activities in Jamaica which
influenced the assumptions on which the hypotheses are based.
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CHASTER TWO 
BACKGROUND TO MINING IN JAMAICA
2.1 Introduction
In April 19B6, bauxite/alumina. exports accounted for 64X of 
Jamaica's foreign exchange earnings (South, May 1986), down 11X
from the 1974 high of 75X (Davies, 1985). As an employer of
labour the industry occupies just over 1’/. of the work force 
directly (ESS, 1984), though the direct:indirect ratio for 
employment in the sector has been estimated at 1:4 (Town Planning 
Department, 1976). In terms of the growth process of a new 
enterprise, the industry has experienced fairly predictable but
rapid growth in the three and a half decades of its existence.
Stages in its development are clearly identifiable, and can
conveniently be broken down into development decades. Following 
exploration worK in the forties, the fifties became the decade of 
initiation and development and the sixties that of expansion and 
consolidation. The seventies saw many changes in the operational 
environment of the industry, and that was followed by a recession 
in the eighties, the result of uncertainties and depressed market 
demands. This chapter summarizes the development of the industry 
over the years, describes the physical and cultural environments
in which mining is practised, and outlines the major changes that 
it has experienced. This will provide the background against
which environmental impacts can be judged.
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2.2 History o f the Bauxite/Alumina Industry in Jamaica
Davis (1985, Sunday Gleaner), notes that Jamaica's emergence 
as a major bauxite and alumina producer originated during World 
War li, when the loci o f aluminum production shifted from Europe 
which produced 55% of world primary aluminum in 1939 (cf 23 % for 
North America), to  North America, which by 1943 produced 66% (cf 
£3*/. fo r Europe). Demand for the metal to  assist the war e ffo rts , 
and the importance of having it  close to  the North American 
continent generated much interest in Jamaica’s newly discovered 
reserves.
Though existence of the ore was mentioned from as early as 
1827 by Sir Thomas de la Beche, confirmation came only in July 
1942 through the e ffo rts  o f a cattle farmer (Sir Alfred DaCosta), 
who, discouraged by unsatisfactory yields, had the soil on his 
Property tested, (S.G. 14 /7 /85). It proved to be bauxitic. By
November o f th a t year, the Governor had declared bauxite to be 
the property o f the Crown (S.G. 14 /7 /85), and issued permits
simultaneously to two companies, ALCAN o f Canada, and Billiton of 
the Netherlands, to  explore and develop the ore. The la tte r  
company never operated in the island beyond those early explora­
tory days. Reynolds Metals Company followed in December 1943. 
*n 1947, Kaiser Aluminium entered the competition (S.G. 14 /7 /85).
Lyew-Ayee (1980, p. 23), notes that:
"...in order fo r a bauxite mining lease to be granted to  a 
company it was necessary for such a company to own in fee  
simple the lands to  be mined. As a result o f this require­
ment there were accelerated land acquisition programmes by 
the early companies during the 1940’s, 1950’s and 1960’s."
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By 1952, the three operating companies had acquired among them
40,065.3 hectares of land which they increased to 61,109.7
hectares by 1956 as follows:
Company Hectares Acquired
1952 1956
ALCAN 12,141 13,005.4
Reynolds / /~2C^235 21,462.9
Kaiser 7,689r3v 26,686.3
TOTAL 40,065.3 ^  61,154.6
Source: Girvan, 1971, p. 131.
In 1953, Jamaica was estimated to have 20X of Known world
reserves, and 50X of that in the western hemisphere (S.G. 7/85),
but available technology proved incapable of handling the fine-
textured Jamaican bauxite. Research on processing was encouraged
simultaneously with exploration so in 1952, ALCAN established a
small (36,500 metric tons/annum) alumina processing plant in
Manchester. in June of that year, Reynolds shipped its first
load of Kiln dried ore from its north coast Ocho Rios pier.
Kaiser's firs t load of ore was shipped from Port Kaiser on
the south coast in 1953 and ALCAN's first load of alumina from
Its south coast pier at Port Esquivel. This heralded the
establishment of the bauxite/alumina industry as it exists in
Jamaica today. By 1957, Jamaica had surpassed Surinam as the
world's leading producer of bauxite, and by 1959, ALCAN had built
a second alumina plant in St. Catherine, while a fourth company,
ALCOA, had started exploration in Clarendon.
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The sixties saw consolidation and expansion of the industry
with annual production o f ore increasing steadily from 4.5 
million to  15 million metric tons between 1960 and 1974 (Davis,
1965). in 1960, ALCOA started - development of its Clarendon 
works, and Kaiser moved its operations from St. Elizabeth on the 
south coast to St. Ann on the north coast, continuing to export 
ore from a new pier at Discovery Bay. By 1963 ALCOA had started
mining ore fo r shipment from its south coast port at Rocky 
Point. in 1966, a consortium. ALPART, was formed between
Reynolds, Kaiser and Anaconda fo r constructing a 950,000 metric
ton alumina plant -  then the largest such facility in the world,
This development was in keeping with a new trend in the industry
fo r companies to conduct their business through consortia
(Oirvan, 1971).
A new company, Revere, initiated work on a 220,000 metric
ton alumina plant in 1967, and ALCOA announced plans for an
alumina plant in 1968. ALPART’s plant started production in 1969 
and started expansion in 1970. Revere started producing alumina
in 1971, but lasted only four years. When ALCOA started produ­
cing alumina a t its Halse Hall plant in Clarendon in 1972, this 
marked the end of the decade of expansion and consolidation, By 
then, the country’s five alumina plants had a combined capacity
ct1 7 million metric tons per annum (Davis, 1985). Map 1 shows
the physical characteristics o f the industry in 1973, while
Appendix | summarizes its chronological growth.
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Bauxite Reserves
MAJOR FEATURES OF JAMAICA’S 
BAUXITE/ALUMINA INDUSTRY- 1973
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Source: National Atlas of Jamaica, 1971, p.55
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£,2.1 Industry Characteristics a t The End o f Ihe— Sixt ie s
By the end o f the sixties, the industry had had its impact
on several aspects o f the island’s geography, and associated 
tofldsedQt'd were easily Identified; _ The dense network o f access
roads, individual rail lines or conveyor belt systems, and 
individual port facilities were accepted features o f the land­
scape, as were the abandoned mines, large processing plants,
limited numbers o f worker housing and some resettlement schemes. 
The dust nuisance, as well as the noxious fumes caused by caustic 
soda in the 'red mud lakes’ in which waste from the alumina 
processing plants was dumped were associated problems.
Nearly all the land transactions had already ' taken place, 
and Tramm (1977, p. 4), recorded that:
"According to  company statistics....ALCAN owned 49,000  
acres (19,830.3 hectares), ALPART owned 26,000 (10,5££.£
hectares) in central and southern Jamaica alone. Four
companies (together) own about £00,000 acres....Together
Kaiser, Reynolds and ALCAN own almost 30X o f the parish of 
M anchester."
Beckford (1985, p.17), supports this by noting that by the end of 
1979 -the amount of land owned by the companies in Jamaica was 
over 210,000 acres (84,987 hectares)....14K o f the farm land in 
the entire country". The industry’s impact on the national 
income was positive, though the communities within which they 
operated did not necessarily benefit directly.
Other characteristics o f the industry are relevant as
further background to  understanding the changes which came about 
•h the seventies. Internationally, the bauxite/alumina industry 
•s characterized by its dominance by multinational corporations.
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One outgrowth of this is a vertically integrated organization in 
which companies control their means of production, are capital
intensive and labour extensive, and have little or no linkage 
with the other sectors of the economies in which they operate.
These features were present in the Jamaican industry.
Additionally, demand for the product was entirely externally 
generated such that the industry's future was wholly dependent on 
the actions of the multinationals within the context of the
global political economy. The country is 98 Y. dependent on 
imported energy (Davies, 1986), and because conversion from ore
to alumina requires high energy input, fluctuations in the
availability and price of oil can have serious ’ repercussions 
°n the industry's health.
At that time too, the companies were the only sources of
Knowledge about the extent and quality of available resources. 
They also monopolized information on issues such as international
Pricing of the metal and generally were in a superior bargaining 
Position to the Government. Successive governments had argued 
That the income received from the ore bore no relation to its 
real value, but lack of knowledge prevented them from negotiating
any substantial increases in royalties and taxes. The country 
bad no control over its major mineral resource at that stage.
Davis (S.G,, 8 /9 /8 5 , p. 29), comments that, when in 1973,
opEC launched its oil price war, "the e ffe c t was pervasive, and 
changes wrought in 'the order of things’ widespread". Against
The background described above, this was true for the bauxite/
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alumina industry in Jamaica, because th at event triggered several
changes in the sector.
2.2.2 The Seventies and Beyond
Several changes came with the seventies in response to the 
OPEC oil crisis, and in an e f fo r t  to improve some of the less 
attractive features of the island’s industry. Regionally, there 
was a thrust towards greater control o f resources which led to  
nationalization o f some industries as in Guyana (Girvan, 1975). 
Third World governments were also attempting to increase their 
benefits from mining enterprises as Upton (1976) observed, so 
this was an opportune time to launch initiatives, and redefine 
the country's role in the industry's future.
Among the changes which occurred at that time were: 
introduction of a levy calculated a t 7.57. o f the realized price 
of aluminum on the world market per ton of ore (previous payments
were pegged to the price of ore); reacquisition o f 63,133.3 o f 
the 84,897 hectares o f land formerly owned by the companies; 
purchase of shares in the mining and alumina processing opera
tions o f four companies, and the establishment of an Institute to 
handle all aspects o f the government's interest in the industry.
The Jamaica Bauxite Institute (J.B.I.), as the new organi­
zation was called, was to  become the repository o f information 
and a research-oriented body dealing with data spanning the 
spectrum from land acquisition and market forecasts to process 
research, and was partly funded by the levy. Considerable 
background work had to be done because, for the firs t time, the
with permission of the copyright owner. Further reproduction prohibited without permission.
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government was documenting information on the status o f the 
industry.
Reserve estimates were adjusted to reflect varying grades of 
ore, not just the best ones as -had previously been done. Land 
allocations were rationalized, allowing each company access to  
sufficient reserves to  satisfy projected fo rty  year needs, with
five year mining leases being granted to  companies fo r  reserves 
nearest to  their plant sites. Hap 2 shows the difference in the 
areas controlled by each company in 1982 a f te r  rationalization 
and allocation o f new mining leases.
Individual agreements defining the obligations o f each 
partner were signed between the government and each company, into 
which it  had bought shares. By the end o f the seventies, there­
fo re , Jamaica was both a participant in the industry, and a
supplier o f raw material, and the government was in a much
stronger position to  bargain with the companies. Theoretically
also, the country had control over disposal o f its portion o f the 
products, and foreign exchange earnings were increased as a
result o f the levy.
The eighties have seen still more changes including the  
closure o f one bauxite and one alumina processing plant (one had 
closed in 1976), with all the others operating a t much reduced
capacities. New markets are being sought fo r  the government’s 
portion o f the products, now that the main North American market 
has expanded its source areas to  include Brazil, Australia and
Ghana, all o f which had discovered their resources early in the
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s e v e n tie s .
Among the reasons advanced for this shift away from reliance 
on Jamaica as a major source are the levy which increased the
companies' payments considerably, increased oil prices, and high 
labour costs, which maKe production costs in Jamaica less
competitive. Davis (1985) on the other hand, provides data to  
support his argument th a t increased energy costs have rendered 
refineries in the United States which were formerly supplied by
ore from Jamaica uncompetitive. This led to  reduced capacity 
and a shift in the source areas to those with cheap and abundant 
indigenous energy resources.
There is, too, the argument th a t the change results from
reduced demand fo r aluminum on the world market, discovery of ore 
in countries requiring lower in frastruc tu re  investments than 
Jamaica does, and changing company policy. Also, new agreements 
signed between some companies and new suppliers in the industry 
make it more lucrative fo r companies to purchase ore from them.
This is true fo r the 'take-or-pay' agreement signed between Ghana 
and ALCOA whereby the company is committed to  buying a predeter­
mined amount o f ore or pay the equivalent cost even if  it does
not take the ore.
The s ta te  o f Jamaica's industry is currently uncertain, but 
it is expected to  continue being a major foreign exchange earner 
Tor the foreseeable future, and the government's participation is 
expected to  continue indefinitely. Against this background, it
is useful to understand the impacts o f mining on the Jamaican
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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environment. To do so an appreciation o f the physical setting 
in which the ore is found is necessary.
2.3 The Physical Setting
Jamaica’s bauxite deposits -occupy 22*/. o f the island’s 
11,424.5 square Kilometre area, and is found exclusively over- 
lying the te rtia ry  White Limestone Formations which account fo r  
55% o f its area (Lyew-Ayee and Stewart, 1982). Hill and Ostojic 
(1982, p. 11), refine this even more by saying th a t the deposits
occur ”... in the shallow-water Members o f the White Limestone
Group, and are noticeably absent from the...deep-water equiva­
lent", a position supported by McFarlane (1982).
The deposits generally fill sinkholes or depressions in the
Karst topography which characterizes the limestones. There are
limited hillside or hill slope deposits with the most noticeable
difference between the two being the topography (Grubbs e t a].,
1981). The ore’s contact with the limestone is distinct and
i r r e g u la r .
Debate on the origins o f the ore has been ongoing fo r the 
four decades since its  commercial potentia l was confirmed.
Discussants have included Zans (1953), Chubb (1963), Sinclair 
(1967), and Hill and Davis (1971). Among the theories advanced
are th a t the ore is a limestone residual, but the absence o f a
transition zone between the parent rocK and the ore puts that
theory in doubt. There are suggestions that the ore has catas­
trophic origins and the deposits are the remains o f volcanic ash
deposited a f te r  some major eruption. Here the volume o f ore
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makes this theory questionable. Multiple origins has also been 
advanced as one theory, and is perhaps the one which offers the 
best explanation of the origin o f Jamaica’s bauxite.
Bardossy (1982), argues that- though theories about the 
origin o f the ore are similar to  those fo r Mediterranean Karstic
bauxites, Jamaica’s Karst bauxite is a unique type since it is 
the only identified example o f 'in situ’ bauxitization. Hill and 
Ostojic (1962), provide evidence to  support this and observe that 
because of this, the prospect o f there being buried deposits in
the island, as is the case with Mediterranean bauxites, is highly 
unlikely. The only areas likely to  have buried deposits would be
at the base of the post-bauxitization fau lt system. This is
evidenced by Lee (1964), Anderson (1971), and Porter and Anderson
(1982), all o f who found partly buried deposits in two areas with 
recent major fau lt lines.
Bardossy’s theory and the supporting evidence explain the 
easy accessibility of the ore bodies which are distinctive as 
soil-fiiied depressions in Karst country. This makes mining a
very simple process, involving removal and storage o f the firs t  
two fe e t o f topsoil, and extracting the ore. This also suggests
that the visual impacts o f mining on the environment are likely 
to be very marked.
There are seven identifiable members of the White Limestone 
group distinguished by the environment in which they were formed,
their physical appearance and the extent to  which bauxite is
associated with them. Map 3 shows the distribution of the five
with permission of the copyright owner. Further reproduction prohibited without permission.
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GEOLOGICAL MAP OF JAMAICA SHOW ING  
DISTRIBUTION OF MEMBERS OF THE 
WHITE LIMESTONE FORMATION
L E G E N D
Members of W hite Limestone Formation
Montpelier
Newport
W a ld e r ito n - Browns Town
Troy^ C larem ont
G ib ra lta r  -  Bonny G ate  
~~.A— Study A rea *A '
20M ilesO
S ou rce: ly e w —Ayee & S tew art, 1982, p.S tudy A rea *B‘
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major ones, while the following chart summarizes the relationship 
between these and bauxite deposits.
Limestone Types Bauxite Associations
North Coast South Coast
Deep Water Limestones
Montpelier None No assoc.
Gibraltar/Bonny Gate Insignificant Occurrence
Shallow Water Limestones
Walderston/Browns Town Very Significant Deposits
Troy/ciaremont Very Significant Deposits
Newport No association Very Signifi­
cant deposits
Swanswick Significant In s ig n if ic a n t
Deposits D eposits
Somerset Insignificant Occurrence
Source; adapted from Lyew-Ayee and Stewart, 1982, p. 24. 
C haracteris tica lly , Troy/C larem ont and Walderston/Browns 
Town limestones are more peaked and fractured. They have sharp 
contrasting relie f and as a result, host smaller but deeper 
deposits. The Newport deposits, on the other hand, have more
subdued landscapes with lower, more elongated limestone hills. 
They host larger but o ften  shallower deposits. Plates I and It 
show the contrasting physical appearance o f these two environ­
ments.
These distinct physical d ifferences have influenced develop­
ment o f  the cultural landscape o f the areas in which bauxite
exists. Where there  are large deposits, c a ttle  es ta tes  became
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PLATE I
Landscape ty p ic a l o f the  N ew port Member o f th e  W hite Lim estone 
fo rm a tio n  in  w hich s tudy  a re a  'A i is  lo c a te d , Note th e  subdued  
elongated  h ills  and f a i r l y  la rg e  f la t  areas w hich a re  th e  ore bodies -
Source: enlarged f ro m  1980 a i r  photos o f  Jamaica
( 1 : 5 0 , 0 0 0 )  l ine 12A #  173
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PLATE I I
Landscape ty p ic a l o f the  W alderston/B row ns Town member o f the  
W hite Lim estone fo rm a tio n  in  which s tu d y  a re a  'B' is  lo ca ted . 
Note the h ig h e r  d en s ity  o f sm aller and s teep er h ills  and small 
ore b o d ie s .
Source: enlarged f ro m  1980 a i r  photos o f  Jamaica
( 1 : 5 0 , 0 0 0 )  line 15 #  108
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the dominant economic culture, while the smaller deposits Became 
the home c f small peasant farmers. The physical characteristics
also nave significance fo r mining operations. The access road
network is less dense and construction less frequent in 
with larger deposits, and mining operations from one pi 
extend over a long period of time. Also, the characteristically
shallower nature o f pits makes reclamation work theoretically 
less d iff ic u lt.
2,4 The cultural Background
Cultural background here refers to those human instit 
which a ffe c t and are affected  by the mining and reclamation 
process. These are many, but only those which are most directly 
affected  will be discussed in the interest o f brevity, 
selected are the legal and social aspects, which a ffe
are affected by mining works in ways that may be con
2.4.1 The Legal Background
Legally, mining activities" are guided by three piece
legislation. The Minerals Vesting Act (1947), gave
ownership o f the ore to the Crown while allowing private surface 
rights, thus laying the framework for some o f the social 
operational problems which now characterize the industry 
1949 the Mining Act was passed, outlining the terms by
. j it was auite an advancedmining activities could be carried out.
Act fo r ltd time, since it  stipulated post mining redemption
work as one condition fo r granting permission to  mine 
The Bauxite and Alumina industries Encouragement
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provided fo r contracts and agreements to be signed when establi­
shing the operations.
The other significant legal documents which a f fe c t  mining
operations are the five Agreements -signed between the government 
and companies following the former’s decision to become a partner 
in the industry. These do not significantly alter established 
practices; rather, they document each partner’s responsibilities 
and cover topics such as sale of lands and assets and management 
of the operations.
2*4.2 The Social Background
Socially, two significant fac to rs  are patterns o f land 
ownership and the customs th at exist among the people, and the 
crop cultures th a t have emerged over time. As noted previously, 
^he pattern o f ownership influenced the crop cultures th a t
emerged such that larger land owners were cattle farmers or, to a 
lesser degree, orange farmers. Small farmers3 grew cash crops 
fo r domestic consumption and" minimal market sale. The la tte r
engaged in intensive mixed farming, while the former practised 
extensive monocultural cropping.
As a result o f this general pattern, early acquisition of 
land by companies was relatively easy, since pioneers targetted
the large land owners who were mostly happy to sell. Those 
companies which came later had a much more difficult time with
3* 'Small fa rm ers ’ re fe rs  to those who earn income and maintain 
their  families by cultivating small parcels of  land, usually 
2 hectares or  less,
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land acquisition because they had to negotiate with numerous land 
owners, many without legal titles to their land, several others
having sentimental ties too strong to allow them to sell the 
land, and still others who were reluctant to relocate to  unfami­
liar areas to s ta rt their lives again. The following chart, 
showing average size o f plots bought by Reynolds and Kaiser which 
operated in the same parish but at d ifferen t periods of the 
industry’s history, illustrates this point.
Period Reynolds K aiser
1942-53 Hectares bought 4554.22 1485.64
#  of Holdings 25 630
Average size 182.17 2 .3 6
1959-73 Hectares bought — 1011.64
#  of Holdings - 725
Average size — 1.3 9
1973-80 Hectares bought - 97 .80
#  of Holdings - 100
Average size 
Source : Sachak, 1982, p.310.
0 .97
The existence of so many displaced farming families necessi­
tated introduction o f resettlement schemes which have had their
share o f social problems. Further complicating cultural factors 
were the inheritance practices which accelerated land fragmenta­
tion, and the custom o f burying the dead on individual family 
Plots. With the physical and cultural bacKgrounds summarized,
it is now relevant to examine the impacts which mining has had on
the environment in Jamaica.
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2.5. Impacts o f Bauxite Mining on the Jamaican Environment
The most obvious impact of mining in Jamaica is the physical 
scar and the depressions remaining a fte r  extraction. This is 
made worse by the white colour of - the limestone host rock which
remains a fte r  the ore is mined. There is little  conventional 
overburden available to  assist with repair work since 'the  
ore is surface deep, so chances o f making substantial improve­
ments are limited. White limestone areas in Jamaica are identi­
fiable by their lack of surface drainage, but 60/  o f the island’s
water needs are supplied by wells sunk in the aquifers they 
contain. As a result, disturbance o f surface drainage patterns 
is not a problem but the level o f the water table is likely to  be 
affec ted  by increased evaporation from the pervious limestone 
because large thicknesses o f the protective soil cover are 
removed. other physical impacts are the standard reduction o f
plant cover, noise and dust pollution and occasional blast damage
in mining areas (Perkins, 1980). Physical impacts are most 
evident a t the extraction stage.
One dangerous impact comes at the beneficiation stage where
the ore is processed to  alumina. Waste from that process is in 
the form of a red substance which is 80X liquid, and comprises 
red dirt, caustic soda and water. This 'red mud’ is dumped in 
natural depressions in which case there is the risk of under­
ground water pollution, or in man-made lakes, in which case the
problem is one o f converting large areas of f la t , and to  date, 
agricultural land fo r the purpose. The lakes are also noxious
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because of the caustic soda content.
The time required for these 'red mud* ponds to dry out and 
the type o f plant life they will support are still being deter­
mined, since the f irs t  small ones (0.5 hectares) have only now
dried out enough to a ttra c t some form o f vegetation. More 
recently, a dry storage method whereby the waste is dewatered • to 
30X liquid and spread to dry on slightly sloping ground has been 
tried by one company. The time period fo r drying is much 
shorter, but this method also requires conversion o f large areas 
of comparatively f la t  agricultural land.
Social impacts are more evident at the developmental phase 
because deposits are juxtaposed with, or house settlements and 
this is when most o f the land transactions, resettlement and 
readjustment o f peasants to new environments take place. Cowell
(1983) describes the impact o f this process on one community in
detail, noting th a t among the problems experienced are: d iff i­
culty o f adjusting to  new environments, inadequate social 
fa c ilit ie s  in re s e ttle m e n t schemes, unfamiliar neighbours, 
adopting new crop husbandry practices suitable to new areas.
LeFranc (1985, p. 8) found that "the bauxite labour force is 
one o f the, if  not the highest paid set o f wage earners in the
society", observing that "the non-bauxite worker earns approxi­
mately 55/. o f th a t earned by his bauxite counterpart" (p. 9).
Russell (1982), also found th a t the educational attainment o f  
household heads in five bauxite areas surveyed was generally much
lower than th a t fo r  the island. As a consequence, but fo r
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construction periods and fo r  casual labour, bauxite/alumina 
companies employ few people from the communities in which they 
operate.
Tramm (19T7), noted th a t wher-e they do exist, baux ite /- 
alumina companies create economic enclaves because o f the high
consumer prices they a ttra c t, a view maintained by BecKford
(1985). Perkins (1980, p. 52) quotes a Government Investigating 
Committee which concluded in 1976 th a t "...the present system of 
development where infrastructure needed fo r  mining ignores the 
requirements o f existing communities leads to  alienation and the
(mining) projects become ta rg e ts ’*.
The impacts of bauxite on the Jamaican environment are more
fa r  reaching than discussed here. Indications are th a t the
potential fo r post-mining uses is less than desired because o f 
the physical fac to rs  discussed in the previous section. Reclama­
tion works provide hope fo r  increased utility o f the mined lands
and a t this point it is useful to  examine how reclamation has
been practised in Jamaica, as fu rther background fo r the study. 
£•6 Reclamation in Jamaica
The Mining Act (1949), requires companies to  reclaim the 
land to  a state and level o f productivity "similar to what it was 
Prior to  mining". Failure o f any company to  do so a ttra c ts  a 
fine o f US$ 147.2 per hectare, (a small amount given th a t the
estimate for reclaiming one hectare of mined land was averaged at 
US$ 1214.1 in 1985). Morgan (1971), saw the need fo r reclamation 
and restoration research on bauxite mined lands in Jamaica since
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available data was unsuitable fo r  the following reasons:
-  most o f the literature relates to coal mining areas where
the geology is d iffe re n t, and shales, clays, gravel or 
loess form overburden in those areas, not hard limestone;
resoiling coal areas can be done with the original 
overburden, unliKe Jamaica where the soil is the bauxite. 
Also, material published fo r  bauxite is fo r  areas like
Hawaii where the substratum is s o ft volcanic soil, making
fo r  easier reclamation
-  the work on restoration was pioneered by foresters and
reclamation by a ffo res tation  is not a feasible solution
fo r  Jamaica’s situation.
Lyew-Ayee (1980) reconfirmed Morgan’s observations about
Jamaica’s unique problem, fu rth er stating th a t though the law 
stipulates th a t all pits should be fully reclaimed with a t least
15.25 cm. in top soil cover, and with the surface at or as close
to the original grade as possible, there are areas in which pits
can get as deep as 18.3 -  30.5 metres. In these cases it  is
d ifficu lt to  meet the legal requirements. Based on conditions 
likely to  be encountered, the government and companies have 
agreed on the following five techniques fo r reclaiming pits.
These all require reshaping, topsoiling and revegetation and 
the considerations which normally govern their use are outlined
ifi Appendix II.
1. Benching/Terracing entails cutting benches or terraces  
in the sides o f pits which have concave walls, and
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covering them with at least 15 cm. of topsoil.
2. Filling entails trucking fill material from  other
locations to  fill the pit to  a level similar to  its
original status and size.
3. Rimming involves using material cut from the sides o f
the pit to fill it to  a new level and covering that - with 
topsoil. This results in an area close to the size o f
the original pit.
4. Peripheral Extension involves incorporating fringe
areas on the periphery o f the pit by cutting material
from them to fill the pit. This results in a smoothing
of the edges o f the pit giving a smoother landscape
which is then topsoiled. The reclaimed area is usually
larger than the original pit.
5. Bowl Smoothing entails bulldozing irregularities in the
pit floor to  make it as smooth as is practicable and
covering the area with topsoil.
Other reclamation practices prevail, and where alumina
processing plants are located near the mines, pits are used as 
dumps fo r  industrial waste or other industry-related uses, Some
Pits are le f t  unreclaimed particularly where they are too deep to
permit reclamation to  be implemented feasibly. Still others are 
used fo r  special purposes (e.g) garbage dumps or holding ponds) 
depending on their location or specific local needs. These are 
also accounted fo r  in Appendix II.
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Numerous problems are experienced in executing these
reclamation processes. One problem arises because the bauxitic
soils are highly erosive, and maKe revegetation d iffic u lt.
Reclamation is generally observed ' t o  be more d iffic u lt in
tropical than in tem perate regions because o f the g rea ter  
problem o f successfully revegetating areas. In Jamaica this is 
aggravated by the physical d ifficulty o f reshaping the rocky
remains o f the pit, the sparse topsoil available fo r  infilling,
and the increased evaporation from the aquifers.
Alternative methods have been proposed fo r reclaiming lands
in Jamaica. Morgan (1971 -  1976) has done several experiments
on the crops or plants which can tolerate reclaimed lands. Grass 
remains the most successful to date, but attempts have been made 
with cash crops in a few tenant farm ers1 schemes. In either
case, fe rtilize r input is substantial, and comprehensive ex ten ­
sion service is provided to  participating farmers in the initial 
stages. Farmers are rarely able to  maintain the high cost o f 
inputs when this service ends and, generally, a fte r  three or four 
years returns diminish steadily. This is tru e  even where
companies retain pastures on these lands with the necessary high 
input o f fe rtilize rs .
Other experiments fo r  reclaiming the lands include w ater
Ponds, red mud storage areas, garbage dumps, housing, check dams 
recreation, fo restry  and plant nurseries. Some o f these require 
iarge capital inputs however, and seem to  be done mainly fo r  
demonstration purposes. But even the alternatives proposed are
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sometimes plagued by problems. In one case where a pit was
made into a catchment pond, the heavily fractured limestone
substratum was too fragile to  maintain the weight and collapsed. 
Even here then, great care must be' taken in the choice of an 
a l t e r n a t iv e .
Jamaica's bauxite occurs in a physical environment > which 
provides very limited conventional overburden th a t can be used
fo r  reclamation purposes. Consequently, reclamation practices 
which rely on the availability o f overburden material are not
always applicable there. O ften, the reclamation method employed
is determined during the mining phase and is based primarily on 
the physical characteristics o f the pit. In the historical 
evolution o f approaches to mine reclamation as advanced by
Marshall (1982 -  see Appendix III and Chapter 3), Jamaica is a t
the second o f the four phases identified.
It seems that the country needs now to advance to the third 
Phase and use the approach suggested by Brooks (1979) in which 
the method o f mining becomes a key variable in the reclamation
decision. It  seems also, th a t the options available from which
companies can choose should not be limited. Before any recommen­
dations can be made, however, it is important to understand what
has been done to  date in the field o f reclamation work and the
land uses that are supported by such land. For this, a review o f
the pertinent literature is necessary, and this forms the subject 
the next chapter.
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CHAPTER THREE 
LITERATURE REVIEW
3.1 In troduction
Oxenham (1867) observes that interest in the topic of mined
land reclamation dates back from the _ turn of the century. There
have been contributions from  writers  in several disciplines
such as planning, surveying, fo re s try , mining engineering and
agriculture. As the operational environments have changed over
time so have the emphases in the literature. Although these vary
among the disciplines, certain trends have emerged in the tre a t­
ment o f the topic. It seems appropriate and convenient to
organize this literature review using the trends as guidelines.
Vyle (1969) and Harley (1970) discuss the question 'what is
reclamation?’, while Bauer (1971), deals with the m atter o f
cost. Falkie (1971), in an overview, tre a ts  the topic by
answering four questions: why? who? how? and when? to
reclaim. Several others (Knabe, 1965; Harley, 1976; Paone e t
§1., 1979) ask about the expected results. These concerns
summarize the main themes fairly accurately. This lite ra tu re  
review will therefore be based on these questions, but arranged 
in d iffe re n t sequence.
3*2 What is Reclamation?
Generally, reclamation refers  to  any sort of  improvement to  
land to  increase its productive potential. I t  can include
drainage of  swamps and salt marshes, treating agricultural land 
which has been abandoned because of overuse and loss of fe r t i­
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lity, irrigating desert areas or rebuilding blighted urban areas. 
In the case o f mining and the derelict land it produces, reclama­
tion has its own connotations.
Ripley, Redman & Maxwell (1978). note th a t in the past, 
reclamation was o ften  seen as a 'clean-up* procedure thought o f
a fte r  mining operations had ceased. As a result much o f the land
disturbed fo r mining was le f t  in a derelict condition. Mining-
related reclamation has been described in several ways. Marshall 
(1982, p, 60) quotes the National Academy o f Sciences (1974) as
describing reclamation to  include:
"...any process that. . promotes soil conservation and the  
productive use o f degraded or disturbed land....it implies
th a t the site is made habitable to organisms th a t were
originally inhabitants o f the area and includes any t r e a t ­
ment which is not restoration."
Rowe (1979, p. 480) identifies reclamation to be "the
process of reconverting mined land to its former or other produc­
tive uses", a view supported by Bosselman (1979). Morgan (1971) 
sees reclamation as the f irs t  step in the rehabilitation process 
involving reshaping and treating the land before putting it to  
use, and Knabe (1965) argues th a t the notion behind reclamation 
is returning the mined land to  productive use. Saperstein 
(1971), Harley (1976), and Phillips and Shaw (1983), also support
this notion.
Marshall (1982, Vol.1, p. 60) notes th a t "...the terms
Nreclam ation*, 'reh ab ilita tio n *, 're s to ra tio n * and 're -v e g e ta ­
tion* have been used synonymously to describe clean up and
improvement worK done on disturbed lands". Downs and Stocks
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(1977), see restoration as recreating the original topography
and re-establishing the previous land use. Rowe (1979, p. 481)
defines th a t term as referring to  "... the process o f restoring 
site conditions as they were be fo re - the land disturbance." He 
fu rth er states th a t rehabilitation implies that:
"...the land will be returned to  a form and a level o f 
productivity th a t conforms with a prior land use plan, 
which includes provision fo r  a stable ecological s ta te  
th a t does not contribute substantially to  environmental 
deterioration and is consistent with surrounding aesthetic 
values."(p. 481).
The differences in interpretation seem to  be ones o f  
degree rather than substance. The goal o f each idea is to return 
the land to some more useful state and form. The debate, seems to
centre around how fa r  the process is taken, and the amount o f
work done -  reshaping and allowing natural processes to take
over, reshaping and revegetating, or full restoration. For the 
purposes o f this study, reclamation will be taken to  mean 
returning the land to  some more useful state, irrespective o f the 
procedures or techniques used to  accomplish this. Here, reclama­
tion represents an action.
At another level, Vyle (1969) argues th a t  reclamation 
returns unproductive devastated land to  a fe rtile  and pleasing
landscape suitable fo r  multiple use, implying a management 
approach to  the meaning o f the term. In 1984, Cairns proposed
reclamation as one o f three management options available fo r  
treating derelict surface mined lands. The other options were -  
doing nothing and leaving the land as it was when the mining was 
completed; or restoring it  to  its  original condition. The
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reclamation option was to  return it  to  an ecologically improved 
and more socially acceptable condition (rehabilitation).
Nicholson and Westmacott (1983) suggest th a t reclamation is 
one way o f converting te rtia ry  landscapes to  secondary land­
scapes, and in that way it is a valuable treatment and management 
option fo r derelict land. Bauer (1968) on the other hand, 
argues th a t as a treatment, reclamation is not a solution to the 
problem o f disturbed land, but rather, represents a negative
idea. He thinks 'creative excavation’ would eliminate the need
fo r reclamation works per se. Nephew (1972) suggests th a t
creative excavation and careful storage o f waste products is a
reclamation method th a t is built into the mining process and one 
which should be emulated. These writers project reclamation as a 
management strategy or a concept.
Whether it  is seen as an activity (Rowe 1979) or as a 
concept (Bauer 1968), the lite ra tu re  generally favours the
practice o f reclamation fo r returning disturbed, derelict lands 
to some form of productive use. It becomes necessary because, as 
discussed in the previous chapter, mining generates derelict land 
(Whitt, 1970), or wasteland (LeRoy and Keller, 1972), which needs
treatm ent to increase its utility value. The following section
discusses the literature on why reclamation is necessary. Harley
(1976, p. 3 3 ) says th a t reclamation means "...reconditioning or
restoring in compliance with the law", introducing a new dimen­
sion to  the discussion -  'why reclaim?’.
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3.5 Why is Reclamation Necessary?
The impacts o f surface mining on the physical environment
which were discussed in Chapter One provide the main justifica­
tion fo r  reclaiming or rehabilitating - derelict land, and writers
have been unanimous on this (Hadfield, 1952; Bauer, 1971;
Thirgood, 1972; Brooks 1982; Phillips and Shaw, 1983). F alkie 
(1971) thinks it  is necessary to make the inevitable abandonment 
o f the mine site as palatable as possible, and help increase
the surface value o f the land.
Whereas negative physical impacts o f mining provide good 
reason fo r  initiating reclamation works, Cairns (1984) argues 
th a t this depends on whether the disturbed land is part o f a
perturbation-dependent (e.g. prairie grassland) or perturbation - 
independent (e.g. tropical rain fo re s t) ecosystem. In the f irs t  
case he argues th a t non-reclamation may be acceptable. Sampey
(1983) had previously put forward this argument and found
reclamation to  be more plausible i f  the creative extraction
process advocated by Bauer (1968), Thirgood (1972) and Maneval
(1979) is pursued.
Reclamation has been advocated as important fo r improving 
the aesthetic quality o f the mined area (Knabe, 1965; Barr, 1970; 
Medvick, 1971; Reiss, 1973 and Davies, 1981). On this topic,
Dragun argues th a t reclamation costs re fle c t the aesthetic value
0,f the area concerned. Others such as Hadfield (1952), Vyle
(1969) and Allaby (1983), do not think th a t purely aesthetic  
reasons are sufficient to  ju stify  the e f fo r t  and expense; rather,
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reclamation should function to  replenish the potential o f the
land. As a follow up, it  has been argued th a t reclamation is
essential fo r  maintaining the supply o f land available fo r
beneficial use, given the non-renewable nature o f mining as a 
land use (Guernsey, 1955; Jansen, 1981; and Ramani and Sweigard,
1984). Oxenham (1966) argues th a t it  promotes land consevation 
and reduces the appearance of blight.
Reclamation works have been proposed as one measure fo r  
appeasing people in the communities which are a ffe c te d  by mining 
(S itte rley , 1964; Falkie, 1971 and Flenley and Lint ell, 1980).
Laird (1973) sees performing reclamation works as a tool fo r pro­
moting good public relations between companies and the communi­
ties in which they operate. Saperstein (1971) and Nicholson and
Westmacott (1971) think its necessity would be reduced if  public
participation were invited a t the planning stage o f the develop­
ment.
This leads to  the 'social" impact’ rationale fo r  carrying
out reclamation works. Guernsey (1955) and Brown (1972) see it
as alleviating the tensions created by displacing farm ers to
■facilitate ore extraction. By introducing the option fo r them to  
return a t a la te r date, reclamation becomes an essential compo­
nent o f mining, and makes the displacement a temporary and often  
more tolerable inconvenience. Bradley (1977) proposes it as a 
necessary and logical way o f satisfying the increasing public
concerns fo r  employing conservation principles in resource
tre a tm e n t.
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This public concern led to the proliferation of numerous
pieces o f legislation and implementation o f other regulatory 
measures aimed at alleviating the situation in several coun­
tries, Examples of such legislation -and other actions are The
Derelict Land Act, 1982 (United Kingdom), Surface Mining Control
and Reclamation Act, 1977 (United States), The Ontario Pits and
Quarries Control Act, 1971, and the establishment o f West
Germany's Brown Coal Committee, 1968.
The e ffe c t o f legislation on the. practice of mining has been
discussed by Thirgood (1972), Nephew (1972), Grandt (1974),
Hamilton (1974), Bosselman (1979), and Saperstein (1983). They
all agree th at legislating fo r reclamation is important to ensure 
that miners attach the necessary significance to post-operative 
work, but find that the increased demands can put greater
pressure on mining companies. Brissenden (1976) thinks th a t  
regulations relating to reclamation works have not gone fa r
enough in guiding operators to perform successfully, as much is
le f t  to their interpretation of what is meant by the contents.
Ehret (1984) finds the regulations administratively cumbersome
and often  time consuming.
Bauer (1971), Saperstein (1971), LeRoy and Keller (1972) and
Thirgood (1972) see reclamation as providing an opportunity to  
achieve comprehensive development of an entire mining complex 
ra th e r than individual p it rehabilitation, which may not 
adequately provide for the land use needs a fte r mining without an 
area redevelopment plan. There is also the need to make aban-
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doned mine sites safe by stabilizing waste dumps, infilling as
much as is practicable, the holes le f t  in the ground (Leroy and
Keller, 1972), and neutralizing toxic dumps (FalKie, 1971). The
timing requirements fo r  each o f these needs vary and this leads
to  the next theme in the literature, that o f when is the right
time to reclaim.
3.4 When Should Reclamation be Done?
The literature on this is comparatively sparse, but some 
writers (Falkie, 1971 and Cairns, 1979) contend th a t the answer
to the question, 'when?’, could be never, depending on the type 
of environment disturbed, and the end use requirement. This is 
applicable where a perturbation-dependent ecosystem is disturbed
(Cairns, 1984), or where, as Falkie (1971) suggests, a pit can 
serve as a recharge pond fo r ground water resources. Others see 
delaying the process as desirable a t times especially where
disturbed lands need to  'se ttle * before they are put to alterna­
tive uses, or where leaching o f the acid in toxic dumps is 
required. As such, delay is itse lf a reclamation technique.
But timing also depends on the ore being mined and the 
logistics o f its extraction, as Allaby (1983) noted fo r china
c,ay in the United Kingdom and Garner (1981) fo r  aggregate in
"Texas. These two do not fa c ilita te  immediate reclamation because
the 'ro ll over*4 strategy used in their extraction requires th a t
4* This re fe rs  to a practice in which ore is recovered from  a 
mine a f te r  i t  has been dosed fo r  some time because new 
technology or standards aiiow it.
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the mine remain accessible fo r delayed ore recovery, even though 
the equipment might have been removed and the mine may appear to  
be abandoned. Day (1985) thinKs timing is controlled by owner­
ship, so th a t where companies owned "or had long term leases on 
the land, they tended to  delay reclamation indefinitely.
There has been a growing school o f thought which advocates 
th a t the reclamation process be integrated into the mining 
process. Armstrong (1968) contends th a t this is the most 
economical way to  rehabilitate the lands. FalKie (1971), Balzer, 
(1975), LeFevers and Imhoff (1979), Doyle (1979), Brooks (1982) 
and Saperstein (1983), support this approach as being the most
logical one to  achieve the objectives o f the reclamation exer­
cise. This approach requires pre-planning o f end uses fo r the 
mined areas, and this topic is discussed a t greater length later 
in this review.
Some laws specify the maximum time lag permissible between 
completion o f mining activities and implementation o f reclama­
tion works (Anon -  Coal Age, 1979), while others stipulate the 
requirement without a temporal dimension (Saperstein, 1983). In 
the la t te r  case, 'when?' becomes a function of who is responsible
fo r reclaiming the land. Location is another determinant fo r
timing reclamation works, and Whitt (1970) believes th a t fo r  
public relations reasons, mines th a t are close to settlements 
tend to  be reclaimed more quickly than those further away as one 
technique fo r  reducing public displeasure.
The next logical theme in the literature is how to  reclaim
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derelict land. Here the literature is extensive since it  was 
the initial concern o f mine operators. How reclamation is done
depends on many factors , such as the nature o f the substrate 
(James, 1953), type of mine, method of extraction and planned end
use (Beaver, 1955 and Knabe, 1965). 'How?' also depends on the 
constraints with which the operators are confronted, and these 
include the climate and physical environment, economic . and 
engineering d iff ic u lt ie s , as well as social and political 
constraints (Bradley, 1977).
3.5 How is Reclamation Done?
At f irs t glance, this seems liKe a question o f what tech­
niques can be used in the reclamation process, and what the legal
requirements to  make them acceptable are. These concerns form 
only part o f the question o f "how?" as the literature reveals. 
There is much in the literature about the technical aspects o f 
carrying out reclamation works by whatever means is decided such
as revegetating (Oxenham, 1967; Barr, 1970; Doubleday, 1974 and
Currie, 1961). In each o f these instances, writers are careful
to point out th a t selection o f the right types o f plants is 
essential to  successful revegetation.
Thirgood and Ziemkiewicz (1978), and Ogram and Fraser (1978)
looked a t techniques and materials used in d iffe re n t parts o f
Canada. Phillips and Shaw (1983) described the situation in
Parts o f South Africa and Brooks (1982) did so fo r  Australia.
Nephew (1973), and Doyle. (1979) undertook similar exercises fo r  
Wesx Germany, Roxburgh (1985) discussed the British situation
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while Higgins (1973), Ramani and Grim (1978), and Jansen (1981)
chronicled some o f the experiences in the U.S.A. They are 
unanimous in acknowledging th a t the technique used is contingent
on the physical characteristics o f -  the areas involved, the
climate, location and re la tive  acidity o f the tailings where
these are involved. Where this is Known, the end use require­
ments are used to  determine how reclamation is done, and will
vary from area to area (Jansen, 1981).
Among techniques identified are, terracing where high walls
result from strip mining (Falkie, 1971); shaping and smoothing
Pits where holes are the result, and converting them to recrea­
tional lakes (W hitt, 1970); topsoiling the reshaped pits and 
establishing forests , pasture or selected crops (Hadfield, 1952;
Higgins, 1973; Thiessen, 1975 and Harley, 1976). Planting
suitable grasses will stabilize tailings (Plass, 1978), while
Tinker (1972), and Earl (1976) argue that where pits are the end 
products, they can be reclaimed as garbage dumps with very
Positive economic benefits. The problem o f additional contamina­
tion arises in such cases (Roxburgh, 1985).
Fish ponds is another possibility (Cairns, 1983), and Coates 
(1975) sees urban uses as being important where mines are near to
such areas. Balzer (1975) thinks that the to ta l ecosystem of the 
mine should be studied prior to  extraction so th a t its post­
mining potential can be b e tte r assessed, and reclamation planned 
* °  suit the appropriate land use requirement.
One principle generally agreed on by the writers is th a t
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natural rehabilitation is preferable to  a rtific ia l methods, and 
so unnatural techniques should be avoided as much as possible 
(Nicholson and W estm acott, 1971; Bal2er, 1975; Allaby, 1982; 
Brooks, 1982; Sampey, 1983 and Phillips and Shaw, 1983). The
practice o f assisting natural vegetation species to re-establish 
themselves was observed to  give b e tte r results over longer 
sustained periods (Falkie, 1971). Reclamation can also be
accomplished by secondary recovery o f materials from tailings or
slag heaps as is the case with Zambia’s copper and England’s
china clay mines. In this case, reclamation means adding to  the
level o f existing dereliction, and corrective work is le f t  fo r  an 
even la ter date.
Nicholson and Westmacott (1971) point out th a t reclamation
can be approached in one of two ways. Recontouring the land and 
covering it with topsoil is one method which involves massive 
earth moving-equipment. The other method is to accept the new 
landforms as they are and reorganize land uses within th a t
Physical framework. This they think can o ffe r  a wider variety o f
environments with which to  work, and would rely more on good
management to  be successful.
Legislative stipulations o ften  specify what is expected from
reclamation, but are rarely sufficient to  guide the reclaiming 
authority in completing the job (Brissenden, 1976). The United 
States' Surface Mining Control and Reclamation Act says th a t  
Prime farm  lands must be reclaimed to equivalent or higher levels 
yield as non-mined farmland in the surrounding area (Jansen,
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1981; Saperstein, 1983). This gives the expected result, but to  
achieve th a t the implementor must conduct research sufficient to 
at least determine the quality o f the surrounding land.
West Germany’s law states that: -
"...based on plans commissioned fo r the areas by law and in 
light o f the general objectives of overall regional plans, 
the land must be restored so that it  will harmoni2e with
the social, cultural and industrial interests o f the rest
o f the region." (Nephew, 1972, p. 19).
Here again much is le f t  to the operators’ interpretation of what 
these interests are, a position supported by Oragun (1983) who
made similar comments about the Australian situation. Maneval
(1979) notes, however, th at legal stipulations, well intentioned
though they may be, are useless without an adequate and functio­
nal enforcement mechanism. But enforcement can be difficult if  
there are no common expectations, and the costs incurred by
company interpretation are prohibitive. This leads to  the topic 
of cost and the outputs expected from implementing reclamation 
works.
What are the Costs and Outputs?
The question of cost can be interpreted in terms of econo­
mic, social or environmental costs. Environmental costs have
been discussed in a previous section, and some social costs have
been mentioned in the discussion o f other topics. The economic
costs will therefore be the focus o f attention in this section.
This is arguably the most unattractive aspect o f reclamation as 
companies maintain th a t the increased costs make their products
less competitive on the market.
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From an economic perspective, Learning (1977) argues that if  
the value of the land a fte r  reclamation is less than the cost o f 
doing the work, then this represents a misallocation o f resour­
ces, and reclamation is best le f t  undone, unless the cost is
borne by the values created by demand fo r subsequent use. He
sees mining as being no different from other land uses in that it 
represents a conversion created by demand. Reclamation too is 
also a conversion process which should be guided by the demand
generated, and not done just fo r aesthetic reasons.
Saperstein (1971) discusses this issue and concludes th a t  
the amount spent is contingent on how much reclamation is done.
He gives three guidelines fo r determining how much to  spend,
These are:- costs should not exceed the difference between the 
Proceeds fo r the product and the cost o f mining it; the amount
spent should not exceed the value of the surface needing reclama­
tion, and reclamation costs should be borne as a portion of the 
public relations advertising program.
Brooks (1979) argues th a t the misgivings about reclamation 
costs can be logically resolved by applying the principles o f  
Cost Benefit Analysis to  each situation. She suggests estab­
lishing goals which can be used as variables in the equation, and 
•p the example o f the Appalachian coalfields which she uses, the 
9°als included are; national production, environmental quality 
and local employment. Incorporating each o f these appropriately
weighted in accordance with area needs can provide rational 
Suidance fo r  public policy on surface mining reclamation.
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Cost will vary with method, end use, location and timing, 
but quotations range from U.S.$121.40 to over $2,023.00 per
hectare in the United States (Nephew, 1972 and Kirk and O’Neil,
1983). Doyle (1979), quotes figures o f up to  U.S.$ 1,821.00 fo r
West Germany, while Nicholson and Westmacott (1971) record costs 
ranging from BrL607.00 to  BrL1214.10 per hectare in the United 
Kingdom. Dragun (1963) reports costs o f Aus$6,000.00 to $16,000 
per hectare fo r reclamation works in Australia.
Differences in prices quoted re fle c t the d iffe re n t time 
periods involved, and the e f fe c t  o f inflation over time. As an
example, Australia fo r  which the most recent figures are quoted 
shows the highest rates, and the diferential in the rates qouted 
fo r the United States result from the time difference. Notwith­
standing, Falkie (1971) argues th a t a t prices like these, recla­
mation will be practised by companies only i f  there is some long 
term benefit to  be derived. The range o f prices, constraints, 
differing public demands and the need to  keep costs reasonably 
low can make it  difficult fo r companies to select the most suit­
able method o f reclamation, but some suggestions have been made
on how this can be done.
3,7 Selecting Management Options
Coates (1975), Daniel (1977), Davies (1981) and Day (1985)
argue th a t there is virtue in encouraging public participation in 
the decision-making process on how to  reclaim particular areas.
This is posited on the assumption th a t the end product will be
more acceptable locally, and hence it is suggested that long term
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management should be easier. This is one way of selecting among 
th e ' several options identified by Saperstein (1984), and which
provide the basis fo r planning reclamation works ahead of time.
Blenkinsop (1957) argues that proper management o f mined 
lands is essential fo r successful rehabilitation. Maneval (1977) 
argues th a t where damage to  an environment may be irreparable,
then the management option may well be  ^ to leave the area unmined, 
while Brooks (1979) suggests th a t insufficient research has been
put into using the method of mining as a variable in the decision 
on reclamation methods.
Howard (1957), Bauer (1968), Coates (1975) and Maneval 
(1977) think th a t pre-planning coupled with creative extraction
will ultimately create self-sustaining economic and socially
viable resource facilities. Saperstein (1984), maintains th a t
with pre-planning, most mined areas can benefit from careful 
redevelopment rather than blind restoration, while Brooks (1979), 
thinks it is important fo r  coherent regional planning. kirk and
O’Neil (1983), argue th a t this can reduce costs considerably by 
allowing companies to  plan fo r e ffic ient disposal o f waste.
They see this approach as being most suitable for achieving 
the main objective o f reclamation -  returning the land to some
useful purpose whether in its original form  or creating an 
alternative environment. There is some virtue in this view which
does permit a more comprehensive regional approach to redevelo­
ping the area which accommodates the mine, rather than just
restoring the mined pit, as Brooks (1979) points out.
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But Saperstein (1971) observes th a t  planning ahead o f  
completing extraction can be a fu tile  activity since the duration
o f the mine's life  could be so long as to maKe the pre-planned
end use obsolete a t termination time,- This argument disregards
the dynamism o f the planning or research process which permits 
adjustments to  original ideas through a feedback mechanism which 
monitors the long term objectives and recommended actions fo r  
compliance with changing demands. This allows fo r adjustments in 
end use decisions over time.
End uses must be carefully selected according to  the  
possibilities implied by the physical characteristics o f the mine 
site. To determine this, Cairns (1984) suggests th a t a' checklist 
of site characteristics be used to identify options. Phillips
end Shaw (1983) suggest a matrix approach identifying possible
end uses in rows and their main physical and social requirements
•n columns. information is supplied on the physical characteris­
tics o f each pit, and from this it  is possible to  identify the
uses which are well suited, suited or unsuited to  each. He
demonstrates the use o f the technique fo r some South African 
mines.
Rowe (1979) suggests a similar approach, but with the
Physical and functional constraints o f the sites listed in 
columns instead o f the end use requirements. Several writers 
a9ree th a t the end use should determine the management option
selected, not just the one most convenient to  the mining com­
pany. Kirk and O’Neil (1983) dem onstrate th a t all possible
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alternatives should be assessed before a final one is selected. 
They did this by costing a reclamation proposal prepared by one 
mining company, then developed three alternatives which were more 
socially acceptable and aesthetically -pleasing and which would
serve more creative end uses. One o f these proved to  be cheaper
than th at designed by the company.
Shillabeer e t al., (1976) advocate th a t environmental impact
assessments of the areas to be mined be done prior to mining to
capture the diverse ecosystems involved. Combined with economic 
and engineering considerations and long range planning goals,
this Kind o f knowledge can lead to more desirable rehabilitation 
processes and reduce the cost o f post-operative remedial works.
3.6 General Observations On The Literature
One featu re  o f the literature is the preponderance o f  
information on coal surface mining areas. This reflects the fa c t
th a t coal accounts fo r  the largest surface mining operations in
the countries fo r which research has been done. New Guinea’s 
copper mine was the largest o f its kind when it started opera­
tions but the intensity o f research there has not parallelled
th a t fo r  coal areas. Zambia’s surface copper mine has not
received much attention, nor have the mineral sands’ mines o f 
India.
This reveals a certain  bias in the lite ra tu re  towards
developed countries. Though there might be good reason for this 
~ one possibility being the lack o f financial resources to fund 
such research -  it  points to  an obvious gap in the literature,
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and emphasizes the necessity fo r  this study. The considerations 
guiding reclamation decisions may be significantly d iffe re n t  
under harsh economic circumstances where social needs are 
d iffe ren t. Notwithstanding these gaps* there have been discer­
nible trends in the literature over time.
Though the topic o f mined land reclamation had emerged from 
as early as 1914 (Higgins, 1973), the contributions have increas­
ed substantially since the sixties, when heightened concern fo r  
the environment generated much interest in the topic. Henley 
and Lintell (1971) observed th a t the initial concern was with 
technical aspects o f mining and reclaiming land, providing
increasing Knowledge and practical experience on th a t aspect. 
Lessons on environmental and social impacts were therefore less 
Known and, in any event, he noted, were revealed more slowly and 
could not be assessed until reclamation worK had been properly
com pleted.
Marshall (1982) observed th a t the environmental movement o f 
the sixties promoted public pressure, forcing governments to  act 
and companies to  respond as a consequence. Parallel with th a t 
was the need to understand the magnitude of the problem and its 
several impacts. Consequently, studies were undertaKen to  
examine th a t problem and Goldman (1972), Downs and StocKs (1977) 
Bradley (1977), Wright, Perry and Blaser (1978), and Miller
(1982) all wrote about these impacts in d iffe re n t countries, 
treating the exten t o f derelict land in d ifferen t areas.
In the la tte r  half o f the sixties and the early seventies,
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several books were published, eg. Bauer (1966), Rabbitts e t al., 
(1971), Goldman (1972), Schaller and Sutton (1976), Ripley e t
al., (1979). Conferences were also convened e.g. AIME (1971),
CLRA (1975 -  1978) and IMM (1980), and related publications
resulted. Brooks (1979) notes that by the end of the sixties the
technological problems on reclamation had been solved, so
emphasis was shifted to management o f these lands to make them 
more productive.
The idea th a t mined land was suited only to some uses has 
been loosing ground to arguments supporting the need to use such
land fo r the most urgent purposes required (Kirk and O’Neil,
1982) based on the acceptance o f land as a fin ite ' resource
(Nicholson and W estm acott, 1971; Brooks, 1979). Economic
considerations inevitably became a topic fo r discussion (Higgins,
1973; Cairns, 1973; Learning, 1977), but as legislative regula­
tions have become more numerous, the focus has shifted to discus­
sing their implications fo r the industry and ways o f complying
with them in the least expensive manner (Widman, 1977; Bosselman, 
1979; Saperstein 1981, 1983).
The concept o f pre-planning end uses has been discussed in 
the literature over the past two and a half decades, but the  
currently popular management-oriented approach noted by Brooks
(1979) has caused it to  gain importance. This is now seen as an
e ffec tiv e  way o f keeping reclamation costs low (Armstrong, 1968; 
Saperstein, 1971; Shillabeer e t al., 1976; Kennedy e t al., 1977; 
Nicholson and Westmacott, 1977; Kirk and O’Neil, 1982 and Sampey,
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
5 7
1983).
Knabe (1965) observed three approaches to reclamation in 
the different countries he visited. These were to accept the new 
site conditions and plant the area with pioneer plants which can 
exist on land with limited capability fo r  crop growth; reshape
the land and add soil improvement substances before or a f te r  
planting; and planning the fu ture land use ahead o f time. This
would allow waste disposal to  be done in a manner that creates
the landforms needed fo r the specific use. He noted that these
approaches represent the historical development o f reclamation,
and the method practised in a country reflected the stage it had
reached in reclamation technology.
Marshall (1982, Vol.II, p. 12) summarizes this evolution
through four stages in a series o f diagrams showing increasingly
complex interactions. The f irs t  phase, early experimental recla­
mation was conceived a t the post-production stage. The second
Phase was based on knowledge o f the pre-mining situation and 
reclamation plans were conceived during the mining stage. Phase 
three was one guided by early legislation, and plans were made at 
the pre-production stage based on baseline data and the mining 
Plans. The final phase is one in which reclamation plans, based
°n long term plans and mining plans, are formulated a t the
Pre-production stage. In this phase, reclamation is geared a t
meeting the needs o f the planned end use. The diagram is
reproduced in Appendix III. This observed development towards 
Pre-planned reclamation can be incorporated in my model by
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showing the link between the land, mining and reclamation, and 
the factors  which can influence the decision on reclamation.
Figure 3 overleaf represents a systemic management process 
fo r  ore-bearing land, showing what the- end product should be, and 
the links expected within the system. This provides a basis for 
evaluating the effectiveness o f existing practices and this study 
attem pts to do this by examining the end product. As a preview 
to  discussing the methodology used, the nature o f evaluative 
studies as shown in the literature is briefly discussed here.
3.9 The Nature o f Evaluative Studies
Evaluative studies have been gaining attention by geographers 
who, until recently, tended to  concentrate on theoretical and 
diagnostic themes in research. Mitchell (1979, p. 256) quotes 
White (1971) as lamenting that:
"...although immense amounts o f money and time are devoted 
to  planning fo r  the future,...pitifully small amounts are 
spent on finding out what actually happened a fte r  plans 
were implemented."
Supporting White’s admonitions, Sewell (1973) encouraged the
extension o f evaluative studies beyond the established approaches
o f testing  fo r  technological feasibility or financial viability
to include social, environmental and institutional , consequences.
Another school o f thought supported by Wholey (1970),Schick 
(1971) and Morehouse (1977) sees very little  virtue in such 
studies, arguing th a t the methodology fo r doing these does not 
exist, th a t they are vulnerable to  cultural biases, and are 
deterministic. In spite o f such opposition however, evaluative  
studies have been slowly gaining ground, with shifts in approach
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and emphasis over time. Studies by Macinko (1963), Price (1971),
Sinclair (1975), Robinson (1976), Kaplan (1976), and more 
recently, MacLaren (1985) and Millward (1985), document these
changes over time.
The recent in terest in evaluative studies can be partly
attributed  to the upsurge in resource analysis, allocation and
management which has characterized the last two decades. These 
studies seek to  determine how e ffec tiv e  human actions are, and
have been, in relation to  established objectives, thereby
providing some means o f measuring performance. Evaluation
studies act as post-audits o f projects, policies and practices,
and their importance lies primarily in the justification they can
provide fo r modifying, eliminating or strengthening the action
being studied (Rigby, 1985).
Evaluation studies can also be conducted concurrently with 
Project implementation, in which case they act as monitoring
mechanisms fo r  controlling or redirecting human interventions in 
on-going projects to  achieve the desired goal in the most 
e ffe c tiv e  way possible. These studies can serve many functions
and cover a wide range o f topics which include physical develop­
ment policies and p ractices  to  institutional organization, 
personnel and financial management.
Often, all o f these topics are included in a single study as 
criteria, with each having a d iffe re n t level o f emphasis depen­
ding on the subject and objective o f the evaluation. In addition
to performing project post-audit functions, evaluation studies
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can assess the impact on the environment o f new developments, or 
of a terminated project. The f irs t of these have been more 
popular because it o ffe rs  the opportunity to  do incremental
evaluations over time and facilita te  -dynamism in project imple­
mentation, by identifying areas o f weaknesses and strength  
needing modification and/or support.
In the second case, unless baseline studies are available
fo r comparison, the evaluation can be static, involving a 'one 
shot case study* type design. The value of such e ffo rts  lies in 
the manner in which the results can be used to  improve the
implementation o f similar new projects or practices, and also for  
including more comprehensive provisions in similar new’ policies. 
Mitchell (1979) classifies the d iffe ren t approaches which can be
I
used to  guide organization o f evaluative research into the
following four groups, depending on the emphasis:
Historical evaluation is done by assessing the situation at
d iffe ren t stages, before, during and a f te r  a pro ject’s implemen­
tation. Data sources are usually diverse in this case, and
varying methods o f collection can make the results difficult to
interpret and compare with any consistency. Studies organized
using this model help to  identify how changes in innovation or
Policy over time can a f fe c t  a project’s performance. They can 
also suggest the most appropriate technique to use in undertaking 
a project under certain conditions, assuming th a t history does 
repeat itse lf. Such studies have been done by writers such as
Macinko (1963), Sewell (1966) and Campbell e t al., (1974).
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B en e fit/C o s t Analysis is primarily a p re -p ro je c t evalua­
tion technique in which the projected costs o f implementing
alternative projects o f policies are compared to  the anticipated
or calculated benefits to verify the -economic viability o f each. 
A co s t/b en efit index is calculated which, when interpreted, can 
suggest a positive or negative decision on a project. It  is
based on the economic principle o f maximizing returns on invest­
ments. Often however, it  is not a suitable tool fo r  selecting 
between alternatives, since benefits cannot always be quantified,
and the index is based on quantification o f each facto r.
This is essentially a decision-making tool fo r  resource 
managers, but it can also function as a post-p ro ject audit
technique. Used in this way, co st/b en efit analysis can identify
«
the types and magnitude o f errors which are inimical to  the 
P ro jects  success. Hopefully, by Knowing what these are, they
can be eliminated in fu ture  projects, or corrected in on-going
ones. Day’s work (1974) is an example o f one such study.
Perception/Attitude Studies are used to  determine human 
reactions to , or acceptance o f existing policies, pro jects  
and practices. The practice has gained popularity in geography
f rom the late 60*s. Although use o f this approach has declined
ir> the United Kingdom, it  remains alive in Europe (Gold, 1984) 
and is experiencing exponential growth in the United S tates
(Saarinen, 1984). Sell e t al., (1984) see the approach as being
Potentially quite useful because o f the "ease o f application to  
Planning and management problems" (p. 63).
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Perception/attitude studies can be done by observation or by
questionnaire survey, but usually, a combination o f both data
collection techniques is considered to  be the most valuable.
They complement each other as observation confirms or refu tes
stated attitudes, and is still the best indication o f perception.
Studies o f this nature have been done by Borton and Wainer 
(1971), and Sinclair (1975).
This is one e ffe c tiv e  way o f assessing the success o f an 
action, and it acts as an indirect measure o f the efficacy o f a 
policy. Acceptance encourages the public’s willingness to  
cooperate in implementation, and perception and attitude studies
can provide pointers as to  the changes needed to increase or 
inject an element o f success into projects or policies. These 
three approaches have a common feature in that they are all based
on available data or hindsight. The fourth  technique is fu turis­
tic in character.
Probabilistic Studies act as a decision-making tool which 
can incorporate any o f the previously mentioned techniques fo r
analytical purposes. They incorporate assumptions o f possible
■future states and contend th a t the consequences o f d iffe ren t
management decisions under the assumed conditions can be predic­
ted. in the work they did using this method, Liu (1971) and 
Mercer and Morgan, 1976) simulated d iffe re n t scenarios which
could result from implementing certain actions or policies under
Qiven conditions. The results could then be used as standards 
■for judging performance.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
63
These are the choices from which a study type -  perception/ 
attitude -  has been selected fo r evaluating reclamation worKs in 
bauxite areas in Jamaica. The background to Jamaica’s bauxite 
industry is one in which there is a - high man:land ratio, where 
bauxite reserves accommodate the homes and farms o f a large 
peasant population. In such an environment, land of whatever sort 
should provide a wide range o f possibilities fo r future use, but 
reclamation work as practised now has produced limited options 
fo r future uses primarily because o f the geological conditions 
within which ore exists. By looking a t the land uses to which 
mined lands have been put, this study will provide an indication 
of the gaps and suggest future needs and aims.
•As with all scientific work, the potential value o f evalua­
tive research depends on the methodology used in collecting 
processing and analysing the data. The following chapter trea ts  
this aspect o f the study by describing the concepts which guided 
selection o f variables, their treatm ent and the type o f field 
work th a t was done. Scales o f measurement and analytical tools 
used are also discussed in Chapter Four.
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CHAPTER 4 
METHODOLOGY
4.1 In troduction
This study indirectly evaluates reclamation worKs on mined
bauxite lands in Jamaica by looKing at land uses on them, with a
view to  seeing if  any changes are necessary in present reclama­
tion practices. In preparing to do the study, two decisions had
to be made, namely, what research process should be adopted, and
what" study type should be used. The research paradigm selected 
should re fle c t the study type and objectives, and rationale fo r
the selection is discussed in the following section.
4.2 Research Process Selected
Evaluative studies examine the impact o f particular actions,
policies or programs- with the aim o f improving the practice or
incorporating lessons learn t into other similar pro jects. As 
such, they can be classified as operational research which
Manning & McCuaig (1964) advocate. Consequently, the research
paradigm used should allow fo r assessment and incorporate a 
feedback process to  accomodate any system changes suggested by
the results.
McLaren (1984) identifies several m ulticriteria approaches 
to evaluation o f environmental issues, each o f which has its
limitations. The basic ones discussed are Dominance analysis,
the Saaty method, Concordance analysis and TOPSIS. These are
extended to  include Interactive, stochastic and Multiple-decision 
maker approaches, each a lit t le  more advanced than conventional
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m u ltic rite ria  approaches. These all incorporate feedback  
processes but do not rely on the formulation o f a-priori models 
fo r their operation as does Harvey’s paradigm.
These were not found to be appropriate fo r the study because 
the evaluation being done relies on the expectation o f certain 
relationships between the dependent and independent variables. 
The idea is to see what variations there are between the expected 
and the observed relationships. For this reason, the approach 
which uses the a-priori model to  establish the expected relation­
ships as advocated by Harvey (1969) seems more appropriate for
conducting this study, and will be used.
Another reason fo r selecting this process is the fa c t that 
very lit t le  literature exists on the area o f research being done, 
and new information may produce previously undetected relation­
ships between the variables. The Harvey paradigm allows fo r  
necessary adjustments to be made to existing theories and/or 
observations. Having decided on this process, the next stage is 
to select a study type and explain the methodology fo r collecting 
and analyzing the data researched.
4.3 Selection o f Study Type
In Chapter One, concepts o f land use were discussed. One 
view put forward is th a t land use represents a people's percep­
tion of, and attitudes towards land. Mitchell (1979) argues that
Perception dictates attitude which in turn defines action. The 
Psychophysical paradigm fo r studying perception is based on the 
idea th a t "...the environment and landscape serve as the source
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o f stimulus to which the individual responds" (Sell e t a] 
1984, p. 63). this appropriately describes the underlying 
concept on which this research is based.
In the case of this study, th e , environment and landscape
which stimulate individuals to  make certain land use decisions
based on their perception are reclaimed bauxite-mined lands. 
This is th e re fo re  defined as a p e rcep tio n /a ttitu d e  study.
Because reclamation work creates new landscapes, the study 
can also be seen as an indirect evaluation o f attitudes towards 
new landscapes. Penning-Rosewell (1981) notes th a t more recent 
evaluation studies are focussing less on landscape qualities per
se and more on landscape value as seen through land use and its 
changes over time. He notes th a t "the full value o f landscapes
lies not just in its appearance but in all its social interac­
tions, uses and associations" (p. 32).
Consequently, the current thrust in such studies is to
assess the value attached to  - particular landscape types by 
observing the uses to  which the land is put by the population.
Millward's (1985) study o f three d iffe re n t coal mining areas is a 
good example o f this approach. This aspect o f evaluation studies 
is largely absent from reclamation research.
Beckford e t al., (1985), have recently completed an exten­
sive study o f the impact o f bauxite/alumina operations on rural
communities. It included social surveys including a section on 
■farmers’ perceptions o f reclaimed lands. The stated reactions 
were overwhelmingly against reclaimed land as a useful resource,
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since farmers found it d ifficu lt to farm and unproductive. This
attitude was echoed to the companies who found it  difficult to
convince farmers to  accept these lands. Observation of land use
practices can verify the expressed attitudes.
This observation approach is being used with the intention 
o f complementing the previously cited work (Beckford e t al., 
1985), and to fill one gap existing in research work done on
reclamation. Past e f fo r ts  focussed mainly on the historical 
development of the process or on whether the work to be done was
technically f  easibile or economically viable, es sen tia lly
co st/b en efit studies. When these research works were done, the
emphases were uderstandable since they came at an early stage in 
the Implementation o f reclamation practices, and it was essential 
to understand the basic elements of the process.
Today, the results o f work on the feasibility and viability
o f reclamation works are well known and the development
adequately documented. L ittle  has been done in assessing the 
acceptability o f the product which is often the ultimate te s t o f
successful reclamation. This aspect o f reclamation research has 
been undertaken fo r some countries (e.g. Canada, England and West 
Germany), but these are countries with operational environments
which are much d iffe re n t from Jamaica’s. Given the physical and
cultural environments in which bauxite-mining takes place in 
Jamaica, amd also the land-scarce nature o f the island, it is 
important th a t such research be undertaken to identify factors
which prevent full use of the land. The method used in conduc-
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ting the research is outlined in the following section.
4.4 Methodology
Method is the systematic procedure involved in conducting a
study. The f irs t step entails conceptualizing or setting the
boundaries of the study, and identifying the features to be
observed and measured. In advocating the conduct o f operational 
research Manning and McCuaig (1984) suggested modelling the  
relationships between major elements in the system of which the 
featu re  being evaluated is a part. Making the model operational 
by incorporating factors which contribute to  the existence o f 
each element in the system is even more functional as it allows 
fo r  selection of variables to be studied. This was done as stage 
one of the process.
Figure 4 represents the result o f this modelling process, 
and is an extension o f Figures 2 and 3 in previous chapters. It 
integrates human and physical elements and re flec ts  the interac­
tion process illustrated by Sell e t al., (1984, p. 69) in their 
generalized model o f the Landscape Perception Interaction
Process, In the model, human and landscape elements interact to  
produce an outcome and this sequence can be detected in Figure 4.
The next logical step was to select what aspect(s) of the 
model were to  be studied and within that, what specific variables 
were to  be measured. As explained in a previous section, land 
use was selected to  be an indirect measure o f the success o f  
reclamation works or the public acceptability o f reclaimed land. 
This was defined as the main or dependent variable.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Identify Needs Take Resulting Problem Corrective
and establish Initial Needing Appropriate Action
Goals/Cbjectives Action Solution
National 
Regional 
Local Land 
Use Plans
Mining
Plans
Short-Term Derelict Land
Use creating need
for
MININj RECLAMATION
works
Decision on 
h E H X ) of
RECLAMATION 
to be used
Factors Determining 
Efecision
Physical Factors
size of pit 
. location of pit 
. depth of pit
Snrial Factors
. pop. pressures 
. local requests 
. facility needs
Economic Factors
. cost of operations 
. financing agency
Legal Factors
. laws
. regulations 
Land Tenure
. private ownership 
. public ownership 
. 1 leased/rented
Technical Factors
. availability of 
equipment 
. technical knoMw
Institutional Factors
. caipeny policy 
. monitoring process 
. consultation/ 
advisory process
Administrative Factors
timing of operations 
deployment of labour
Targeted 
End Use
Long-Term 
LAND USE
Factors Determining 
Decision
Fhvsical Factors
slope 
location 
climate 
soil type 
size
Social Factors
. social needs 
. [xiblic demands
Economic Factors
. cost of activity 
. income potential
Legal Factors
. laws
. zoning regulations 
Land Tenure
. private ownership 
. public ownership 
. leased/rented
Technical Factors
. use of chemicals 
. mechanical power 
. fanning methods
Infrastructure Avs”Table
physical
social
FIGURE U : OPERATIONAL MODEL SHOWING FACTORS INVOLVED IN THE DECISION-MAKING
PROCESSES FOR SELECTING METHOD OF RECLAMATION AND LONG-TERM LAND 
USE ON MINED LANDS
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
69
Several factors contribute to  determining land use patterns, 
and limitations of time and money prevented a comprehensive study 
o f all these factors. A decision had to  be made on those 
variables which would initially be most" meaningful fo r the study. 
Reclaimed land is the subject o f the evaluation so method of 
reclamation was a natural inclusion and is being used as the main 
independent variable.
Because the context o f the study is a land-scarce environ­
ment, and also because geography is essentially spatial in
character, it was decided th a t the spatial influences on the
utility o f land should be the foci o f additional assessment. 
Literature reviews fu rth er suggested th a t two very influential
spatial factors in land use decisions are the size o f plots and
their location re lative  to  settlem ent centres. These were 
isolated fo r inclusion as study variables. The other variable 
selected fo r study was land tenure arrangements since these have 
been observed to  be potent incentives in people’s decisions to  
adopt or re je c t certain land use practices. They define levels 
of security and by extension the enterprises which are liKely to  
be undertaken.
Harvey’s (1969) research paradigm requires a statement or 
'a priori’ model describing the influence th a t each independent 
variable is observed or theorized to  haveon the dependent vari­
able. The model guides formulation o f assumptions and hypotheses 
which the study is designed to  te s t. It is also the important 
link between theory and reality which provides evidence fo r
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inferring the tru th  or falsity o f the hypotheses when they are 
tested. The following section contains a statement o f the
'a priori' model, the assumptions and hypotheses which will guide
the rest of the study.
4.4.1 A Priori Model. Assumptions and Hypotheses
This study will a ttem pt a verification o f the statement
th a t land use on reclaimed bauxite-mined lands results from the
reclamation method employed together with the modifying e ffe c ts  
o f the size, distance from settlements and tenure in order o f 
im portance .
The following assumptions will be used as the bases fo r
formulating hypotheses:
1. Legal provisions regarding mandatory reclamation have
resulted in e ffe c tiv e  reclamation works in Jamaica.
2. Land use on mined lands is largely dictated by the
methods o f reclamation employed.
3. General observations relating to  land use patterns and 
parcel size, distance from settlements and tenure do 
not obtain fo r mined lands.
4. Methods o f reclamation employed result mainly from
economic considerations o f the implementing agency 
which will aim a t minimizing time, e f fo r t  and expense 
involved.
Arising out o f the observations, theories, literature review 
and assumptions, the following hypotheses have been derived:
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1. There is a low incidence o f unreclaimed lands in
bauxite-mined areas o f Jamaica.
2. Some relationship exists between land use on bauxite- 
mined lands in Jamaica and the method o f reclamation
employed.
3. There exist definite relationships among land use on 
bauxite-m ined lands in Jamaica and parcel size, 
distance from settlements and land tenure.
4. There is a high occurrence of the reclamation method
which is least d ifficu lt to implement.
In all cases, a 'high incidence* is taken to mean any figure over
50X o f the total reclaimed area.
The inductive method by which statistical inference works 
requires proving the tru th  or falsity o f null hypotheses. Based
on the results obtained, it can then be inferred th a t opposite
statements (hypotheses) are probably true. In keeping with this
procedure the hypotheses stated above have been restated in null
form as follows:
1. There is not a low incidence o f unreclaimed lands in
bauxite-mined areas in Jamaica.
2. No relationship exists between land use on bauxite-
mined lands in Jamaica and the method o f reclamation 
employed.
3. There are no definite relationships between land use on
bauxite-mined lands in Jamaica and parcel size, land 
tenure and distance from settlements.
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4. There is not a high occurrence of the reclamation
method which is least d ifficu lt to implement.
Having established a basis fo r enquiry, the data can be measured, 
analysed and examined fo r  these links."
The rationale fo r measuring several variables is to ascer­
tain, as accurately as possible, the extent to which the presumed 
impact o f reclamation (as measured by land use practices) can be 
explained by factors other than its e lf . This permits some
comparison so the results can be more accurately interpreted. 
Selection o f measurement levels fo r  . the data is the next logical 
step in the process.
4.4.2 Measurement o f Data
It is advisable to aim a t the highest scale o f measurement 
possible fo r data since this fa c ilita te s  application o f more 
powerful statistical techniques fo r  analytical purposes. Three 
o f the variables being studied are nominal in character, but can 
be converted to ordinal scale by a process of classification and 
ranking according to  specified criteria. Appendix IV shows the 
conversions fo r these three variables, namely land use, method of 
reclamation and land tenure. The other two variables, size and 
distance from settlem ent are interval data, and can, if  required, 
be converted to  ordinal scale.
4.4.3 Research Design
Questions addressed a t this stage include the scope of the 
research in terms o f whether it should be a sample, and if so, 
what kind; or whether it  should be a single or comparative case
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study or complete coverage o f all areas concerned. The relative 
weights given to  . observation versus interview techniques are also 
decided a t this stage, as well as how much of the research should 
be obtained from primary and how much from secondary sources.
A comparative case study approach, in which complete surveys 
are conducted fo r two areas was decided on for this study. The 
two areas selected (Plates III and IV), typify the two cultural 
and physical environments in which bauxite mining is practised in 
Jamaica, ie., large deposits which were formerly ca ttle  estates,
and the small deeper deposits which are typically small farming 
areas occupied by peasant farmers. These facto rs  together with 
the limitations o f time and resources inspired the decision to do
a comparative case study type evaluation.
Observation is the main means by which land use data is
collected, and this was the case here. No interviews were done 
in the study area. Interviews done were confined to unstructured 
discussions with government and company officials in an e f fo r t  to  
get a good understanding or appreciation o f the conditions and
issues involved in the mining and reclamation processes. 
Problems which could be expected in each o f the two areas 
surveyed were also identified during these interviews, and 
the resources available from each of the sources were examined. 
The recently completed study by BecKford e t al., (1985) was a
very useful source o f information regarding problems encountered
from the farm ers’ viewpoint.
Secondary data sources were used fo r information on tenure
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(Orient photograph to North) Scale: 1:38,000
PLATE I I I
M ined section o f area  'A '. The a lum ina processing p la n t is  a t r ig h t  
c e n tre , one la rg e  're d  mud' pond occupies a mined p i t  a t  bottom  le f t  
and two sm aller ponds a re  in  the centre  o f the p h o to g ra p h . Note 
the settlem ent areas in  the centre and on the p e r ip h e ry  o f the 
mined a r e a .
Source: enlarged f rom  1980 air photos o f  Jamaica
(1 :5 0 ,0 0 0 )  l ine 13B #  002
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(Orient photograph to N orth )  Scale: 1:27,300
PLATE IY
M ined section o f a rea  'B ' . Note the sm aller p its  and more w in d in g  
ro a d s . Settlem ents a re  also seen to  th e  le f t  o f the  p h o to g rap h .
Source: enlarged f rom  1980 a i r  photos o f  Jamaica
(1 : 5 0 , 0 0 0 )  line 15 #  102
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arrangements and size o f reclaimed pits. Reasons fo r this are
that the sources are Kept current since they form the basis for
calculating taxation rates. In the case o f pit size, obtaining 
accurate data by measurement was " found to be impracticable
because outlines shown on the available maps represent pre-mined 
boundaries, and rarely do reclaimed pits have the same area as in
their pre-mined state . It  was more consistent to use the areas 
measured and recorded by both government and company officials.
Distances were measured planimetrically from the centre o f  
each pit to the commercial centre of the nearest settlement by
road. The most current maps and/or air photographs available 
were used for this purpose. Land use categories used by the main 
Planning agencies in Jamaica were retained since these have been
standardized and used nationally.
Maps and photographs needed to facilita te  field worK were 
acquired and prepared. Of the maps available a t the national
level, the 1:12,500 series based on 1970 air photographs was 
selected because it was the largest convenient scale which could 
be easily manipulated in the field. Also, mining status maps 
(from the J.B.I.) from which the pit outlines were obtained were 
available a t th a t same scale so transferring the information to
the base maps was a simple copy process.
The numbering system used on the mining status maps was 
abandoned fo r a consecutive numbering system on the field maps. 
The reason fo r this was th a t individual companies have incon- 
9ruous numbering systems which could lead to  duplication and
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discrepancies in data collection. The most recent air photo­
graphs o f the island are the 1:50,000 coverage completed in 1980 
and available a t the Survey Department in Kingston, Jamaica. 
Copies o f prints covering all bauxite' mining areas were acquired 
and used to supplement and update the maps. Only eight of these 
photographs were actually used because the small scale meant that 
areas were contained on few prints.
Preparation o f field data sheets was the next step, and a 
completed sheet is attached as Appendix V. It was designed to
contain more data than was required during field operations, but 
this facilitated having all the required data fo r each pit on a 
single sheet. Field work entailed visiting each area, identi­
fying individual pits and recording the land use and reclamation 
method observed. Considerable assistance was obtained from the 
companies involved each o f which provided transportation and a 
field guide during this stage o f the work. In the event o f
extreme inaccessibility, the air photographs were interpreted to  
yield both pieces o f data. This was necessary fo r only two pits 
in Area 'A' which were too inaccessible to  be visited. It  was 
possible to  verify the reclamation method recorded by double 
checking company or government records which had this information 
fo r most pits.
Timing o f field work was important because much assistance 
was obtained from the companies involved. Sometimes industrial 
unrest made this facility unavailable as was the case when an
attempt was made to expand the data base by observing land use
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practices in a third study area. This was scheduled fo r a period
during which the company concerned was experiencing a workers' 
strike and the e f fo r t  had to be aborted as access to mined areas 
was severely curtailed. Data processing and testing  followed 
fie ld  work.
4.5 Data Processing and Testing
A fte r completion o f fie ld work the nominal data were 
classified and ranked according to  the crite ria  described in 
Appendix IV. A composite table was then produced in which 
variables and their ranked or real values were presented in 
matrix form with rows representing individual pits, and columns 
representing the variables measured. Appendix VI shows the  
resuts o f this process.
From this table it was possible to generate maps and graphs 
with various combinations o f data. Percentage distribution o f  
land uses and the other variables could thus be illustrated by 
Pie graphs while the spatial distribution o f land use and methods 
of reclamation were mapped. A series o f Cross tabulations were 
done to  illustrate the occurrence o f land use with each o f the 
independent variables, and levels o f significance suggested by 
the Chi square statistics fo r the relevant degrees o f freedom
were observed.
Attempts were made to te s t the data fo r statistical inter­
relationships between the dependent and independent variables in
various combinations by using the log linear technique. The
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technique allows generation of a number o f models to describe the 
relationships between the dependent and independent variables.
Model table frequencies are generated by iterative proportional 
scaling, with the combination o f parameter estimates being varied 
systematically fo r  each model. These are compared fo r goodness 
of f i t  and the most parsimonious model which gives an adequate 
f i t  is considered most acceptable. It is then interpreted in 
terms o f symmetrical or asymmetrical concepts.
From this it  is possible to  te s t the strength and signifi­
cance o f particular interactions by interpreting the G2 statis­
tic using X2 tables fo r the appropriate degrees o f freedom. The 
attem pt was not successful fo r  reasons th a t will be outlined in 
Chapter five.
The following chapter describes the results o f the cross­
tabulations done on the data. It also discusses the apparent 
order o f importance of the independent variables according to how 
they correlate with land use patterns.
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CHAPTER EiYE 
DATA ANALYSIS AND INTERPRETATION
5.1 Introduction
This chapter describes the patterns of land use and 
occurrence of independent variables, and discusses correlations 
between land use and each independent variable.
5 .2  Observed Land Uses on Mined Land
Table 1 shows the number and percentage of pits occupied by 
each land use type, their area, and percentage.
TABLE 1 Number and Area of Pits Occupied by Different Land Use 
Categories in Both Study Areas Combined
Land Use 
Category
Residential
Mixec
Farming
Improved
Pasture
Unimproved
Pasture
Industrial
Conservation/
Recreation
Other
Number 
of Pits
12
57
42
25
3
25
Percentage Area of
of Pits Pits (ha)
2 .9  
7.1
33.7
24.8
14.8
1.8 
14.8
40.39
65.61
304.71
120.09
157.93
2.43  
51 .97
Percentage 
of Area
5.4
8 . 8
41 .0
16.1 
21.2
0 .3
7 .0
Avg.
Size
8.08
5.47
5.35
2.85
6.31
0.81
2.08
TOTAL 169 99 .9 743.14 100.0 4.39
Source: Tabulated from field data, June/Dec. 1985.
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Of the 169 pits mined, totalling 743.14 hectares, 58/1 of the
number and 5 7 / of the area is in pasture. Whereas only 34 / o f 
the number is in improved pasture, 41/ o f the area is occupied by
this category, suggesting, th a t larger pits are used fo r this
purpose. This is substantiated by the low average size o f pits 
(2.67 ha.) which have reverted to unimproved pasture status. The 
preponderance of this land use type is not surprising since the
severity o f the mined environment and lacK o f adequate soil to  
re fill the pits a f te r  ore extraction results in thin topsoil
coverage (15 -  45 cm.), and the land is suited fo r little  more
than pasture. Pasture is also the easiest and fa s te s t ground
cover to establish in meeting the legal requirements fo r recla­
mation, and except where the land is required fo r other specific 
purposes, most companies adopt this practice.
The high proportion o f land in industrial use illustrates a
situation where the land is needed fo r another specific purpose.
It indicates pits used fo r dumping the 'red mud’ waste from the
bauxite/alumina conversion process, and provides a solution fo r
one o f the processing companies’ most difficult problems -  where
to  store this noxious waste. Residential and mixed farming 
activities occupy comparatively small areas and conservation uses
are almost non-existent. The f irs t two cases provide some
verification fo r  the stated attitude found in BecKford’s (1985) 
study, where people expressed reluctance to  accept reclaimed land 
"for permanent uses. They also show one result o f not reclaiming
land to  satisfy the requirements o f predetermined uses.
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'Other' uses are mainly experimental, constituting a wide
range o f use types, from holding ponds to garbage dumps. This is 
one use type fo r which pits were deliberately reclaimed to
satisfy the need, and they occur notably on the smallest pits. 
Appendix VII contains tables which disaggregate the data by
region. Tables A and B show land use distribution in each of the
areas studied.
Map 4 shows the spatial distribution o f land uses in Area
'A* which is located in the more subdued limestone environment
with larger, shallower pits, and dominated historically by cattle
estates. Diagram 1 shows the percentage distribution o f land 
uses graphically on proportional circles representing the to ta l
area o f reclaimed land in each area. The company operating here
maintains a large ca ttle  herd, so it  is logical to  find over 
sixty percent of the reclaimed land occupied by pasture (catego­
ries 3 & 4). There are cases where the company allows small
farmers living adjacent to  the reclaimed pits to graze small
stock on the land. These areas suffer the fa te  o f the 'commons',
where no one feels responsible to care fo r the resource though
every one uses it, (Hardin, 1977), and they quickly revert to
unimproved pasture.
Also, the bauxite/alumina processing plant is located within 
the area and use of pits as receptacles fo r 'red mud' waste has
been the practice here. Area 'A' accounts fo r over 90’/. o f both 
these uses (pasture and industrial). No residential or conserva­
tion uses are shown here. This can be explained partly by the
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lower demand fo r both uses, and demonstrates the autonomy of
companies to do what they think best when reclaiming land. Early
acquisition o f land here meant that the company had few dealings
with small farmers, and consequently, did not have to  find
adequate land on which to  relocate them. Use of reclaimed land
fo r residential purposes has not been an issue until recently, 
when mining closer to towns has caused problems.
Map 5 shows the pattern o f land uses, and Diagram 1 shows 
their percentage distribution. Area NB’ is in physical environ­
ment B, where pits are smaller and deeper, and where the land was 
occupied by small farmers. The company operating here is one of
f
the late-comers which had to consolidate several small tracts of 
land by bargaining with small land owners to acquire their 
lands.
The largest proportion o f the area o f reclaimed land here 
is occupied by residential uses, a commendable achievement. The 
company’s need to demonstrate the utility o f reclaimed land for
such uses is important, since it  reduces the constant problem of 
finding suitable land elsewhere fo r relocating displaced farmers.
Though it  may take greater e f fo r t  on the company’s part, this
option is preferable to  finding alternative sites.
The second largest area is occupied by unimproved pasture. 
This company does not maintain a cattle herd, but has many very
loose arrangements with farmers in the area to graze small stock 
on the land. The tragedy o f the "commons’ is more pronounced
here because a larger number o f users is involved. This company
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processes its ore away from the mine site so it does not use pits
fo r dumping 'red mud' waste. The small area classified as
industrial represents the 'load out* area where ore is stored
prior to  being transported to the plant.
A wider range of uses is found in area 'B* though the total
area involved is smaller. This is probably because the more
d iffic u lt terrain  necessitates more innovative approaches to
using the land. Stabilizing practices are needed in this area
because the more hilly terrain is susceptible to soil erosion
and, as is generally the case, the 'other* category contains
several experimental e f fo r ts .
Land use patterns on the mined lands appear to have retained
some o f the historical characteristics. Regional differences
seem to reflect the most urgent needs o f the operating companies.
It is worthwhile now to examine the occurrence of the independent 
variables to see what correlations can be found betwaeen each and
the patterns of land use observed.
5.3 Occurrence of Independent Variables
An account of the pattern of occurrence of the independent 
variables is provided in this section.
5.3.1 Reclamation Methods
Table 2 shows the aggregate occurrence o f the methods of 
reclamation practised. The expected tendency is fo r the f r e ­
quency o f methods to  increase with ease o f implementation. This, 
however, is not the case, One method, peripheral extension,
which ranks fourth o f a possible eight in order o f difficulty,
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predominates. Reasons must be sought for this anomaly,
TABLE 2 Occurrence o f Different Reclamation Methods in Both
Study Areas
Reclamation
Methods
Number 
of Pits
Percentage 
of Pits
Area of 
Pits (ha)
Percentage 
of Area
Avg.
Size
Terracing 7 4.1 34.09 4.6 4.86
Filling 10 5 .9 37. 11 5 .0 5.30
Rimming 2 1.2 9.51 1.3 4.76
Peripheral
Extension 96 58.6 420.37 56.6 4.25
Smoothing 16 9 .5 55.04 7 .4 3.44
Industria’
Fill 16 9 .5 128.99 17.3 8.05
Unreclaimed 7 4.1 16.32 2.2 2.35
Other 15 8 .9 41 .72 5.6 2.79
TOTAL 169 100.0 743.15 100.0 4.39
Source: Calculated from field data -  June/Dec. 1985
Companies are required by law to reclaim at least the same
area of land as was disturbed fo r mining before certification car 
be obtained. Sometimes however, 'difficult* pits are le ft  
unreclaimed or reclaimed to a state which looks little different 
from an unreclaimed p it . Peripheral extension is the one methoc
of reclamation which produces more land than was originally 
disturbed by incorporating marginal lands on the pit’s periphery.
Because peripheral extension can supply land in substitution 
for unreclaimed p its , this reclamation method has become very
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popular with companies, hence the skewed distribution. Addition­
ally, this method best reduces the severity o f the mined land­
scape by creating more gentle landforms. Its major disadvan­
tage is th a t the larger area needing top soil replacement reduces 
the depth to which this scarce" commodity can be spread, thus 
limiting the potential fo r farming as a long term end use.
Industrial fill and bowl smoothing ranK second in frequency 
of occurrence in areas 'A' and 'B’ respectively. Although both
have been used for the same number of pits, the former occupies 
more than twice the area o f land involved and has been used for 
pits with the largest average size. This aggregate masks varia­
tions in size as the range o f 0.77 to  39.01 hectares shows.
Regional differences are evident from Tables C and D in 
Appendix VII. Diagram 2 graphs the percentage occurrence of the
d iffe re n t methods o f reclamation used in each area on propor­
tional circles representing the to ta l reclaimed area in each
region. Maps 6 and 7 show their spatial distribution regionally.
Industrial fill ranks second in Area 'A* where the reclama­
tion method is synonymous with the land use. It occurs to a
lesser extent in Area 'B’ where no processing facilities exist.
Bowl smoothing is the simplest method to  implement, but visually
it is the least e ffe c tiv e  since it  does l it t le  to  minimize
escarpments or steep slopes which result from excavation. It is 
most prevalent in Area VB’, and within th a t area, it  is concen­
tra te d  in the areas f irs t  mined, suggesting a temporal element in
the company’s reclamation practices. From a public relations
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stand- point, it is the least a ttractive  o f the recommended
techniques, which partially explains its reduced occurrence 
today.
The 'o ther' category consists o f the methods employed to
accommodate experimental uses 'such as water catchment areas,
holding ponds and garbage dumps. As with water ponds which
necessitate lining o f the pit to  compensate fo r the pervious 
limestone bedrock, some o f these experimental methods require
expensive preparation and fo r this reason, they remain demonstra­
tive and are rarely duplicated. Others, like garbage dumps, can
contaminate the ground water and the environment. Moreover, the 
life span o f a 'small’ half hectare pit used fo r dumping garbage
is quite long and demand fo r it sporadic and location specific.
Terracing, though seldom done, is aesthetically pleasing, 
and was observed to  exist in areas most visible to the public. 
Area 'B \ with its more d iffic u lt te rra in  has this method 
occurring much more frequently than Area 'A’, emphasizing the
need fo r  employing more expensive measures in physically more
d ifficu lt areas. Again the idea of temporal practice is evident 
in Area 'B \ where terracing is concentrated in one area.
Pits th a t have been 'filled ’ are occupied by more intensive 
uses such as mixed farming in the case of Area 'A’ and resettle­
ment in the case o f Area 'B’. These too can be classified as
experimental since they were admittedly done to tes t the response 
o f the population to the land, and are not much duplicated.
The percentage o f pits le f t  unreclaimed is quite small
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(4 .1 X ), and the area smaller yet (2 .2 Z ). These have the smallest 
average size (2 .35  hectares), supporting the claim that it is the 
smaller, deeper more difficult pits that suffer that f a te . Area 
'B’ , with a smaller number o f pits has a larger number le ft
unreclaimed. This is partly because pits here are physically
more difficult to repair and also, the area’s more mountainous 
location gives it lower public visibility and less incentive tc
attempt repair from a public relations standpoint.
5 .3 .2  Tenure
Table 3 summarizes the main features of the tenurial
arrangements for both areas combined.
TABLE 3 Land Tenure Arrangements on Reclaimed Lands in Both 
Study Areas
Tenure Type Number 
of Pits
Percentage 
of Pits
Area of 
Pits (ha)
Percen 
of ai
Govt. owned/contr. 8 4 .7 14.46 1.9
Comp. owned/contr. 116 68.6 532.21 71.5
Tenanted G/owned 5 3.0 28.15 3.8
Tenanted C/owned 9 5 .3 37.82 5.1
Privately owned 8 4 .7 64.01 8.6
Other 23 13.6 67.67 9.1
TOTAL 169 99.9 744.32 100. C
Source: Tabulated from field data -  June/Dec. 1985.
As with reclamation method, there is a concentration of one
tenurial category, company controlled (6 8 .6 Z ), with the 'other'
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category ranKing second. This involves loose agreements between 
company and small farmers that they can graze small stock on the 
land without any real responsibility fo r its maintenance. The 
low occurrence o f the other categories o f tenurial arrangements 
supports Beckford’s (1985) findings that people are reluctant to  
accept reclaimed land fo r permanent uses.
Tables E and F in Appendix VII show the regional patterns of 
land tenure arrangements, and Diagram 3 shows this graphically. 
Not surprisingly, Area 'A' has 82X o f its reclaimed land under 
company control since it is used as pasture to maintain that 
company’s cattle  herd. As expected the 'other’ category is next
to company controlled in frequency of occurrence, though the
difference between the two is great. Next to company controlled, 
tenanted company owned lands are the only other category fo r  
which Area 'A’ has a higher percentage representation than Area 
'B’, showing th a t company’s g reater e f fo r ts  a t implementing 
tenant farmers’ schemes.
Area 'B’ shows a more even distribution o f post mining 
tenurial arrangements because th a t company’s main concern is with
providing adequate land to compensate displaced people. This 
accounts fo r the higher proportion o f private ownership and
'o th e r’ type arrangements in the la tte r.
Over 60X o f bauxite lands were recently acquired by the 
government, but the proportion shown to be in public ownership is 
comparatively small. Two reasons can explain this, one being 
that the transfer process can be slow. The more relevant reason
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however, is th a t reclaimed lands tend to  be included in the
companies’ five-year mining lease areas, and have not yet been 
surrendered to  the government. Although these reclaimed lands 
contractually belong to the government, the short term lease 
agreements signed with the companies allow them to retain control
o f large areas o f land contiguous to their operation sites.
5 .3 .3  Size
Table 4 details the occurrence of pit sizes in the two areas
combined. The number and percentage o f pits falling in each
size category as well as their absolute and relative areas are 
p re s en ted .
TABLE 4 Occurrence o f Sizes fo r  Reclaimed Pits in Both Areas
Size Category Number Percentage Area o f Percentage
o f Pits o f Pits Pits(ha) o f Area
< 5 acres 59 34.9 69.67 9 .3
5 -  <10 acres 51 30.2 143.97 1 9 .3
10 -  <25 acres 47 27.8 306.22 4 1 .0
25 -  <50 acres 8 4.7 99.57 1 3 .3
50 acres + 4 2.4 126.13 1 7 .1
TOTAL 169 100.0 744.32 10 0 .0
Source; Tabulated from field data -  June/Dec. 1985.
Mean pit sizes and their standard deviations are calculated 
and shown in Table 5 fo r  both areas combined and fo r each 
in d iv id u a lly .
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TABLE 5 Regional Summary of Pit Mean Sizes and Std, Deviations 
Region #  o f Pits Area o f Pits Mean Pit Size S/D
A 108 561.76 ha. 5.80 6 .0  8
B 61 197.56 " 2.97 3 .6  5
Total 169 743".14 " 4.38 4 .8  6
Area 'A* verifies the characteristics o f its operational 
environment with higher percentages o f larger-sized pits. Of the 
59 pits in the 'under 5 acre* category, 56*/. Of them are in Area 
'B \ Tables G and H in Appendix VII show the regional patterns,
and Diagram 4 represents them graphically.
There is l it t le  selectivity in pit size since companies
mine all available deposits in their assigned areas except where 
there are encumbrances which prove to be too difficult to move. 
What causes differentiation in this variable is the contrasting 
physical environments in which mining taKes place, and the
differences observed support this.
5.3.4. Distance
Table 6 summarizes the categorized distances between pits 
and settlements. Differences again re fle c t the physical environ­
ment. The more frequent longer distances recorded for Area 'B*
a tte s t to  its more mountainous nature necessitating more winding 
roads. Compared to th a t in area 'A', the settlement pattern is 
also more dispersed, a characteristic feature o f areas in which 
'small farmers’ make up the larger proportion of the population.
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TABLE 6 : Distance Relationships Between Reclaimed Pits
and Settlements for Both Areas
Distance Group Number Percentage Area of Percentage
of Pits o f Pits Pits (ha) of Area
< 0 .5 mile 16 9 .5 59.86 8 .0
0 .5  -  < 1.0 mile 37 21.9 170.23 22.9
1.0 -  < 1.5 miles 41 24.3 292.07 39.2
1 .5  -  < 2 .0 miles 34 20. 1 119.32 16.0
2 .0  -  < 3 .5 miles 33 19.5 72.38 9.7
> 3 .5 miles 8 4 .7 30.42 4. 1
TOTAL 169 100.0 744.32 99.9
Source: Tabulated from field data, June/Dec. 1985
Tables J and K in Appendix VII detail the regional charac­
teristics while Diagram 5 graphs the da ta . Notwithstanding the 
difficulties of consolidating lands near to settlements for 
mining in Area 'B ', the data show th a t , for the most p a rt, mining 
takes place in relatively well occupied areas, since more than 
tO'A of the pits observed are within a 2 mile linear distance of 
settlements.
In area 'A’ pits with larger average sizes are located
nearer to settlements than is the case in area 'B*. This is 
partly explained by the conditions under which each company
gained access to the lands on which they started to operate.
Area 'A* is occupied by one o f the pioneer companies which were 
able to acquire large estates. Only recently have negotiations
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with 'small1 farmers become necessary. The situation is reversec 
for area 'B* where the company initially consolidated small plots 
of land, and was later able to acquire larger areas.
5 .4  Relationships between Land Use and Independent Variables
Having discussed the patterns of occurrence of each variable 
and proposed explanations for them, the analysis now focusses on 
the relationships between the dependent variable land use, and 
each independent variable. These relationships are discussec
below, and graphed in Diagram 6.
5 .4 .1  Relationships Between Land Use and Reclamation Methods
The percentage occurrence of land use types in each of the 
eight reclaimed environments is shown in Table 7.
TABLE 7 Percentage Occurrence of Land Uses with Reclamation
Rec. hed. 1 2 3 4 5 6 7 8 Total
Land Use 
1 . 40.0 -  60.0 «■» Lll 10C
2 8 .3 41.7 -  41.7 8 .3 - - - 10C
3 1.7 1 .7 1.7 86 .0 7 .0 1.7 - - 10C
4 9.5 - 2.4  69 .0 19.0 - - - 10C
5 - - - 4 .0 56.0 - 40.0 10C
6 - - 100.0 - - - - 10C
7 4 .0 8 .0 28.0 8 .0 4 .0 28. 0 20 .0 10C
TOTAL 4.1 5 .9 1.2 56.8 9 .5 9 .5 4. 1 8 .9 10C
Source; Tabulated from field data -  June/Dec. 1985
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The dominance o f one method o f reclaiming the mined areas 
makes it  d ifficu lt to  isolate strong relationships or correla­
tions between these two variables. Also, it will be remembered 
th a t land use is itself strongly skewed in favour of pasture, and 
there would be some correlation between the two as evidenced by 
the 86X and 69X occurrence respectively o f improved and unimpro­
ved pasture on lands th a t have been peripherally extended. For 
this reason, the value o f determining significant relationships 
here is dubious. However, some pertinent observations can be 
made which suggest th a t correlations exist in other categories.
Residential uses which require relative ly f la t  land occur
only on pits which have been laterally extended or filled. Like­
wise, mixed farming which needs deeper soil cover than pasture, 
occurs in equal proportion where pits have been laterally  
extended or filled. 'Other* uses occupy the widest range o f
reclaimed environments, an understandable phenomenon since many
uses falling in this category are experimental and act as testing 
grounds fo r the effectiveness o f new reclamation methods. This 
also includes their use as waste dumps.
As noted earlier, where industry is the categorized use, it  
is synonymous with the reclamation method, industrial fill, and 
it is reasonable to assume that here it is a temporary use type. 
Other important controlling factors  in determining end uses fo r  
lands reclaimed by this method are: the period o f time required 
fo r  the 'mud lakes* to  dry out, stability o f the soil, and the 
nature o f the colonizing vegetation. Though the obvious skew in
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the occurrence of these two variables makes it difficult to 
define relationships between them with high levels o f confidence, 
some meaningful patterns can be isolated, as with residential 
uses on land that has been filled or laterally extended. 
Additionally, those relationships that exist are understandable 
within the context o f each area’s history.
5 .4 ,2  Relationships Between Land Use and Tenure
Table 8 provides data on the relationship between land use 
and tenure, while Diagram 7 shows it graphically.
TABLE 8 : Percentage Occurrence of Land Use with Tenure
Tenure 1 2 3 4 5 6 Total
Land Use
1 -  100.0  -  100
2 -  33 .3  50.0 16.7 -  100
3 -  91.2 1.7 -  1.7 5 .3  99.9
4 2 .4  42.9 -  7.1 -  47 .6  100
5 -  100.0 -  100
6 66 .7  33 .3  -  100
7 20 .0  80 .0  -  100
TOTAL 4 .7  68.6 3 .0  5 .3  4 .7  13.6 99.9
Source; Tabulated from field data -  June/Dec. 1985 
The relationship expected here is for uses requiring higher 
levels o f investment and maintenance costs to be found on land 
with more secure tenurial status. Allowing for the skew in the
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data towards company controlled land, they do indicate the exis­
tence o f such a trend. Privately owned lands and lands which 
are tenanted4 to 'small’ farmers are in residential or mixed 
farming uses both o f which require high levels of investment and 
maintenance costs.
Another observation is th a t company and government-owned 
lands are occupied by more extensive uses which satisfy their
purposes and entail comparatively low operational costs. 'Other* 
is the most insecure type o f arrangement so it  is occupied by 
unimproved pasture which in many areas is a misnomer, and would 
be more accurately classified as 'ruinate*. The insignificant 
number o f pits put to recreational or conservation uses are on 
publicly owned and company controlled land. The relationships 
between these two variables as revealed by the surver are con­
sistent with practices which have obtained in Jamaica in the
past, suggesting that this may be a very significant variable for 
determining land use on mined lands.
5.4.3 Relationships Between Land Use and Size
Past observations o f land use and farm parcel size suggest 
that where the environment is undisturbed, generally, small land
parcels are put to more intense uses while large areas are le ft
4. Tenancy is not normally considered to be a secure occupancy 
arrangement but in this case, where the land has already  
performed its main function of providing ore, there is l i t t le  
need to reposess i t  f rom tenants. Also, companies encourage 
permanent use o f  recla imed lands and are re luc tan t  to 
displace tenant farmers. In this case therefore,  tenancy 
represents a f a i r ly  secure status. The reverse is true fo r  
land waiting to be mined.
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for extensive uses. Table 9 records the data and Diagram 8
illustrates the percentage occurrence of land use on reclaimed
pits^ of different sizes in each area.
TABLE 9: Percentage Occurrence of Land Use with Pit Size
Size 1 2 3~ 4 5 Total
Land Use
1 20.0 20.0 40.0 - 20.0 10C
2 8 .3 50.0 25.0 16.7 - 10C
3 29.8 21.1 36.8 10.5 1 .8 10C
4 40.5 35.7 23.8 - - 10C
5 24.0 36.0 32.0 - 8 .0 10C
6 100.0 - - - - 10C
7 56.0 32.0 12.0 - - 10C
TOTAL 34.9 30.2 27.8 4 .7 2 .4 10C
Source: Tabulated from field data -  June/Dec. 1985
Past observations on the land use/parcel size relationship 
are not supported by the empirical evidence found in this study.
Contrary to expectations, residential, the most intensive type of 
land use, occupies larger pits on average than do the other land
use types. A similar observation is made for mixed farming, the 
second most intense land use recorded. In this 'small farming’ 
environment, mixed farming is normally done on the smaller land
5 .Here reclaimed pit is used synonymously with land parcel.
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parcels, but here it occupies the larger reclaimed pits . The
admittedly lower potential of reclaimed land to support farming
activities partially explains this as more land will be needed to
compensate.
Where reclaimed lands have '  been offered to individuals for
residential purposes, provisions are usually made to incorporate 
some farm land for the occupants who are mainly 'small farmers’ . 
This is the case in area 'B*, so the explanation regarding land 
use and parcel size is equally relevant here.
Alternatively, it is being suggested that conventional
theory about cultivation practices and farm size applies less in 
land-scarce environments where population pressure forces inten­
sive use of all cultivable land parcels. It might be beneficial
to examine whether this observation is generally valid or whether 
it applies only where reclaimed land is the resource input.
A wider range of sizes is occupied by pasture because of 
its dominance. Industry also occupies a more diverse range of 
sizes because companies used pits for this purpose as the need 
arose fo r new 'red mud’ dumps without discriminating on the basis 
of size. Initially to o , companies used smaller pits for this
purpose since it allowed them to observe the drying characteris­
tics of the 'mud’ , and enabled experimentation with vegetation
colonization in an attainable time fram e. Experimental uses are 
on small plots because these are more convenient for re-creating 
laboratory conditions, are less expensive to operate, and are 
more easily controlled and monitored.
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Conservation uses are substantially experimental and are
also on smaller plots. Regional differences are again evident 
and the inverse relationship expected between land use intensity
and parcel size is more evident in Area 'B* which accomodates a
greater diversity o f uses. 'Distance is the last variable
involved.
5 .4 .4  Relationships Between Land Use And Distance
To date, observations of land use changes with distance from 
settlements show that there is an inverse relationship between
intensity o f use and distance from settlements, though it is 
acknowledged that factors such as technological developments can
cause anomalies to develop. The relationships observed betweer 
these two variables for the study areas are tabulated in Table 1C
and graphed on Diagram 9.
Generally, the relationships observed were anticipated 
within the context o f the environments under study. Residen­
tial uses are all within a half mile of the settlement centres
used in the measurements. This is logically an annexation of 
residential uses to an already built-up area, a much used 
physical planning strategy. Improved pasture, industrial and 
’•other* uses are more evenly distributed over distance than are
the remaining uses because of their higher overall occurrence.
Unimproved pastures are further away from settlements than 
are improved pastures which reflects the greater tendency to
minimize crop care where the land is fa r from settlements. TABLE
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TABLE 10 Percentage Occurrence of Land Use with Distance
Distance 1 2 3
Land Use
1 60 .0 40 .0 —
2 8.3 25.0 16.7
3 12.3 17.5 31.6
4 4 .8 14.3 16.7
5 4 .0 36.0 36.0
6 -
7 0 .0  28 .0  20 .0
4 5 6 Total
10C
25 .0  25 .0  -  10C
19.3 10.5 8 .8  10C
23.8 40.4 -  10C
12.0 4 .0  8 .0  10C
66.7  33 .3  -  10C
20.0  20 .0  4 .0  10C
TOTAL 9 .5  21 .9  24 .3  20.1 19.5 4 .7  10C
Source: Tabulated from field data -  June/Dec. 1985
When contrasted with that fo r tenure, this relationship is even 
clearer since those pits further away and in unimproved pasture
fall in the 'other’ tenurial category. Conservation uses are
comparatively fa r from settlements.
5 .5  Results o f Data Analysis
As noted earlier, an attempt was made to use the log linear 
technique to define strenght and significance of relationships 
between the dependent and various combinations o f the independent 
variables. The e f fo r t  proved fu tile , but the results o f the 
saturated model are shown in Appendix VIII to give an idea of the 
nature of the results obtained.
The the following observations about the results are worth
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noting:
1) No model appears to f i t  as Chi-square tests are all very 
large. (Only the saturated models f i t  but these may contain some 
redundant e f fe c ts . )  This problem is most likely due to the small 
number of cases involved ( i.e . 169).
2) There is also a problem with sampling zeroes, again due 
to the small number o f cases. The overall sample is not large 
enough to have drawn into it a representative of a particular 
cross-classification.
3) There is too, a problem with the expected frequencies 
not following the 'rule of 5». There are many values under 5,
which therefore leads to large Chi-square values.
Cross tabulations were done to reinforce the observations 
made for each of the relationships between the dependent and 
independent variables, and the null hypotheses stated in Chapter 
Four tested by checking the resulting Chi square values for 
significance at the .05 level. The following chart summarizes 
the results,
Cross Tabulation D/F Sig. level Exp. X2 Obs. X2
Land Use/Reclamation 42 0 .05  58.14 230.92
Land Use/Tenure 30 0 .05  43.77 313.86
Land Use/Size 24 0 .0 5  36.41 45.97
Land Use/Distance 30 0 .0 5  43.77 57.47
None of the X2 values are significant so rejection of the 
related null hypotheses is warranted. Consequently, it can be 
inferred that the hypotheses are probably true. The X2 value for
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the land use/size correlation most nearly approaches the critical 
value suggesting that this is the relationship most likely to  
change if the data were expanded. Land use and tenure, with the 
highest Xs value is the relationship least likely to be affected
by the availability of additional data from a larger sample.
There is a very noticeable gap in the X2 values for the land 
use/reclamation and land use/tenure relationships which are very
high as against those for the other two. These are the two inde­
pendent variables which seem to a ffe c t land use on reclaimed 
lands most definitively, and since these are the ones which can
be adjusted most readily, they should be targetted for change
where this is needed. They will be focussed on for the recommen­
dations .
The obstacles encountered in using the log linear technique, 
prevented assessment o f the strength of the interactions between 
the variables. However, it was possible to make the following 
inferences about the null hypotheses from the crosstabulations 
performed on the da ta .
1. NHo 1, which stated that there is not a low incidence of 
unreclaimed lands in bauxite-mined areas in Jamaica, 
proved false as there is a low incidence of unreclaimed 
pits (4 . IX ) .
2. NHo 2, which stated that no relationship exists between 
land use on bauxite-mined lands in Jamaica and the method
of reclamation used, also proved false, as a definite
relationship was observed between methods of reclamation
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
101
and land use.
3. NHo 3, which stated that there are no definite relation­
ships between land use on bauxite-mined lands in Jamaica 
and parcel size, distance from settlement and land tenure 
was fa lse .
4. NHo 4, which stated that there is not a high occurrence 
of the reclamation method which is least difficult to
implement, proved true with only 9.5X o f pits being
reclaimed by this method.
The statement of relationships expected as presented in
Chapter 4 had placed the independent variables in a particular
sequence, based on the assumption that positive relationships 
between these and land use declined in that order. However, the
observations suggest that the order proposed in the statement 
needs revision to better reflect the results. The revision being 
proposed is based on the extent to which each o f the independent 
variables appeared to explain the land use pattern and reads as 
follows:
Land use on reclaimed bauxite mined lands in jamaica is
affected by tenure, reclamation, distance from settlements
and size in that order of intensity.
Tenure seemed to influence land use patterns most with four
of the land use categories (1 ,2 ,3  and 4) occurring in the expec­
ted tenurial groups. The more intense land uses tended to be 
established in those areas where the reclamation method required 
greater investments, and three of the land use categories defined
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(1 ,2  and 5) were dominant on the type of reclaimed areas expec­
ted . The e ffe c t o f distance was as expected in only two catego­
ries, (1 and 4 ) ,  while parcel size had little anticipated impact 
on land use patterns.
5 .6  Additional Observations
Some other general observations were made about the pattern 
of land use in the areas studied. These observations appeared to 
be important to understanding their occurrence, and may merit 
additional research.
1. There appears to be a sequence of events related to 
land use changes such th a t , following reclamation and 
establishment o f ground cover the land is used for 4 -  
5 years as improved pasture and subsequently abandoned
or allowed to revert to an unimproved s ta te . Companies 
using reclaimed land for pasture admit that even with 
generous applications of chemicals, diminishing returns 
become evident a fte r  4 - 5  years of use. The trend is 
repeated where there are loose tenure arrangements or 
reclaimed land.
2. Reconnaissance of the areas surveyed suggested that the 
public relations aspect of reclamation is operative 
here, and it seems that e ffo rts  are made to maintain 
the appearance of land which is more publicly visible.
There seems to be a spatial determinant for the 
condition of reclaimed lands.
3. There seems to be a temporal element in the occurrence
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of particular reclamation methods in some areas, and 
this too should be verified by looking a t other minec 
areas to determine whether the phenomenon occurs 
consistently or is peculiar to just one area.
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CONCLUSION
6.1 In troduction
This study was undertaken in the belief th a t the land use
potential o f reclaimed bauxite-mined lands in Jamaica is severely 
reduced from its original statet This has been suggested in the
reluctance expressed by the population in mined environments to  
return to using these lands, effective ly  eliminating many areas
of former 'subsistence* farm land in a land-scarce environment. 
The aim of the study was to examine the pattern and nature of
uses th at have emerged on reclaimed lands, to seek some explana­
tion fo r these, and where appropriate, suggest actions that might
be taken to expand their potential and successfully return these 
lands to  the resource pool.
The land uses th at have emerged on the reclaimed lands 
surveyed are predominantly extensive agriculture, but these are 
proving to  be difficult to sustain. Among the factors which seem
to have a ffec ted  the type and permanence of land uses on rec­
laimed lands, method o f reclamation and land tenure arrangements 
emerged as the two variables which are most influential. Of the
variables examined, these are the two which can most feasibly be 
altered by policy changes, so they form the focus o f the recom­
m endations.
6.2 Major Recommendations
These recommendations relate directly to  the two variables
identified fo r special attention, tenure and reclamation method.
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Tenure a ffe c ts  land use according to the level o f permanence 
it a ttra c ts . Adustment o f this condition is dependent on the 
vendor’s willingness to  sell, and the purchaser’s willingness to  
buy. In Jamaica, both government and companies are anxious to  
promote positive a ttitu des  towards reclaimed lands, and will 
readily sell or enter long-term lease agreements depending on the 
clients* needs.
The question o f the buyers’ or lessees’ desire to control 
the land on a long term basis remains moot. As discussed in
Chapter 4, this hinges on their perception o f the land which is 
conditioned by its value as created by the method of reclamation 
used. These two are linked.
6.2.1 Recommendations re: Land Tenure
As noted in the discussion o f observations in Chapter 5, 
four land use categories occurred on land where the tenurial 
arrangements were anticipated, with the more permanent uses 
emerging where tenure was more secure. Since the cost of 
reclamation works is so expensive, one objective o f the recom­
mendations is to endourage more sustainable uses on reclaimed 
land.
it is being recommended therefore that tenurial arrangements 
-that encourage permanent uses be actively promoted bv the govern­
ment and companies. Though Beckford’s (1985) study indicates an 
expressed reluctance by farmers to use reclaimed lands, the study
observations suggest th at they will be acceptable if  the method
of reclamation used is appropriate.
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It is also being recommended that the incidence of "other1
tenurial arrangements be reduced, and users be encouraged to
-as-sume_responsibility fo r maintaining the land they occupy. This
land now receives the least attention and suffers from the pro­
verbial 'tragedy o f the commons*. Institution of short term  
lease agreements or rental at peppercorn rates would allow con­
tro l o f defined areas by the users, and may alleviate this
problem.
6.2.2 Recommendations re: Reclamation Methods
Chapter 2 identifies Jamaica as being at Stage 2 in the 
reclamation progression (see Appendix III) where decisions on
methods to be used are made during mining, and do not reflect the 
needs o f pre-determined end uses derived from long range plan­
ning. The objective is to arrive at stage 4 where the land form 
required fo r a final land use is predetermined (even though the 
technical means to realize it may not be), based on long range
plans. The recommendations which are discussed below are geared
to establishing the conditions fo r this to occur.
The more permanent land use types that have emerged occurred 
where reclamation methods produced fa irly  subdued landforms. 
Also, lands th a t were reclaimed by filling and lateral extension 
were the ones which attracted private ownership, and more perma­
nent uses. These reclamation methods should be aggressively 
encouraged.
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6.2.3 Supporting Recommendations
Acknowledging th a t implementing some o f the above reclama­
tion methods may prove to  be difficult, the following recommen­
dations fo r supporting action necessary to  fac ilita te  returning
mined lands to the resource pool are being made:
1. Jamaica needs to  adopt the pactice o f preparing long
range plans fo r the fu ture  development o f mining regions, so as
to advance from stage 2 to stage 4 o f the reclamation progression 
as discussed in Chapter three, and illustrated in Appendix 111. 
Eagles (1984) advocates this approach as a logical process fo r
meeting the social and ecological needs, which may require use o f
the same resource, in influencing human actions. The literature  
review shows th a t advocacy o f this practice has been gaining
support in recent times. It  recognises the non-permanence o f
mining as an activity and facilitates a broader based economy in
mining areas, thus encouraging more sustainable development.
Based on these long range plans, certain policy changes may
prove feasible. These would include changes in which the focus
of undertaking reclamation works would not be on restoring indi­
vidual pits to  improve localized land disturbance, but on the 
incorporation o f each pit into the regional development program.
Each would receive the type o f reclamation suitable for its role 
in the region’s development. These suggested policy changes
are:
1. very small reserves, particularly where they are likely
to  produce pits too d ifficu lt to  be successfully reclaimed should
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le f t  unmined and used to  provide fill material fo r laraer pits
in the reqion.
2. small reserves th a t are near to settlements could also
be le f t  unmined and used to  augment the fill material fo r larger
Pits ad.iacent -tc settlem ents and which are likely to be needed
fo r settlem ent expansion.
3. the possibility o f redefining the volume of ore reserves
to re fle c t land needs fo r long term regional develop.ment stra -
teqies should be considered. This may result in definition o f  
high, medium or low intensity mining zones whereby some pits are 
mined completely, others are mined partially and others are le f t  
unmined.
4. the possibility o f expanding the use of ' the experimental 
methods of reclamation which remain laboratory experiments should 
be pursued. Expansion in the use o f these would justify the use
of resources spent on the research, encourage a wider range of
end uses and may increase confidence in the utility value o f 
reclaimed land.
Though they will contribute to improving the post-mining 
potential o f reclaimed lands, the suggestions made above cannot 
individually generate sufficient improvements to  create  lasting 
e ffe c ts . They propose ways o f improving single elements of the 
mining-reclamation-end use continuum. To have maximum e f fe c t ,  
they must be placed within the context of an overall management 
strategy fo r using bauxite resources.
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6.3 Proposed Management Strategy
The present strategy fo r such management is represented in
Figure 2. It  indicates a through flow from baseline studies
which establish the existence o f ore, through verification o f the 
quantity and assessment of the - quality. Development based on the 
baseline studies is followed by ore extraction, abandonement o f
pits and finally reclamation. The present process seems to  
ignore the fa c t th a t the land is a multiple resource which should 
be carefully assessed before being committed to an irreversible 
use.
A management strategy which allows fo r an initial assessment 
and then a reassessment of the ore resources based on require­
ments o f planned end uses is being suggested as an improvement 
on the existing one. Figure 5 overleaf indicates the improve­
ments being recommended. The existing steps are retained, but an 
inner loop represents an expansion o f the assessment period to  
include re-evaluation o f realistic ore reserves according to  the 
projected end use. It  more closely parallels Stage 4 o f the 
diagram reproduced in Appendix III.
Perhaps there is need to discontinue the habit o f establi­
shing agricultural uses on reclaimed lands, regardless o f how
extensive they may be, since the mining process makes the land 
virtually irreparable fo r this use type. An alternative could be 
to  reclaim the land and leave it  fallow fo r  some years before  
introducing any agricultural uses. Perhaps too, there is a need 
to broaden the end use options to  accommodate more urban or
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Reproduced 
with 
perm
ission 
of the 
copyright ow
ner. 
Further reproduction 
prohibited 
w
ithout perm
ission.
PHYSICAL
PLANNING
STAGES
MINE
PLANNING
STAGES
MINING
STAGES
Conduct
baseline
Studies
and
Prepare
National
Plan
Prepare 
Regional 
’Develop­
ment 
Plans
Local
Plans
Implement
Plans
Monitor
Plan
Implementation
Evaluate
/ Plan
Recommendations
Identify 
Land 
With 
Commercial 
Reserves
Prepare 
-h lining 
Plan
lining
Define 
Post-Mining 
Land Use
I
)efine 
Reclamation 
Requirements
Reassess
Reserves
Develop 
Mine 
Site
Extract 
■Ore
Abandon
Mine
Monitor
Actions
Reclaim 
Mined 
Area
Evaluate 
Reclamation 
Works
Review
lining
3lan
Exploration 
& Discovery
Speculation & Assessment Development Extraction Abandonment Reclamation Evaluation
FIGURE 5: PROPOSED SEQUENTIAL PLANNING ACTIVITIES FOR MANAGEMENT OF JAMAICA’S BAUXITE RESOURCES
110
secondary type uses on these lands since their survival chances 
are independent o f soil quality unlike th a t fo r  agriculture. 
There may also be a need to  redefine the mining process or
res ta te  the island’s mineral potential to allow fo r  a broader 
range o f end uses in areas earmarked for bauxite mining. These 
options must all be examined if  the idea o f sustainable end uses
is to  be trea ted  seriously.
6.4 Additional Comments
Spatially, there is no choice as to where bauxite mining can
take place in Jamaica since, as is the case with all minerals,
bauxite is geologically fixed. Conflicts o ften  arise over use
priorities, and where these occur, the object should be to  seek
an optimal mix versus the maximization o f one use to the exclu­
sion o f others. One way o f achieving this mix in a mining 
environment is to  control how mining is done and what happens 
a f te r  the fact.
Some factors which prohibit such control but were outside 
the scope o f the study suggested themselves during the course o f  
the work. These are mentioned here as points which merit further 
in v e s t ig a t io n .
Some aspects o f the legislation need review. Though the law
specifies reclamation and return of the land to productivity as a 
condition fo r receiving certifica tes  o f completion, the decision
on the meaning of reclamation and productivity seems to rest with 
the companies. It  is easy to understand that their decisions are 
usually based on what is most expedient for them, and this rarely
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coincides with long term  national in terests  since motivations 
d iffe r. This accounts fo r the predominance o f certain reclama­
tion methods and end uses which are established without any
overall guide. It would be useful to  explore the feasibility o f
establishing reclamation standards fo r particular end uses, and 
request companies to observe these where specific end uses have 
been determined.
On the issue o f timing, there are no regulations relating to
when reclamation should be done. As a consequence some companies
leave this until it becomes logistically d ifficu lt to carry out
the work, and pits remain unreclaimed in the process. It would 
useful to examine whether it is practicable fo r the Law to stipu­
late maximum permissible time lapses fo r reclamation work to be
done. Long range plans could provide the rationale fo r such
s t ip u la t io n s .
The charge levied on unreclaimed pits is based on a unit
price o f US$147.20 per hectare. This seems unrealistically low
given that the average cost of reclaiming land is estimated to be
US$1,011.75 -  1,214.10 per hectare with a rate  o f exchange o f
5.5:1. Revision of this formula fo r assessing charges seems
timely and should be investigated.
Monitoring as required by the regulations entails surveil­
lance and inspection and is essentially discretionary on the part
o f the officers. Because o f this, there is considerable dispa­
rity  in the appearance o f pits that have been certified as being 
reclaimed. There is little  the monitor can do where the compa­
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nies perform according to how they interpret the law, but produce 
land with extremely low utility values. Expectations would be 
b e tte r defined and monitoring more standardized if  inspecting 
officers  are guided by long range plan recommendations and 
standards established fo r  end uses in their assessment. The idea 
o f preparing such plans fo r mining areas is worth examination.
6.5 Conclusion
It is the policies and practices pursued th a t define the 
level o f control. These must be guided by explicit long range
goals which become a subject fo r  special concern within the
context o f land scarce environments where economic and social
activities compete fo r  space. The focus o f these goals depends 
on the approach adopted to  developing available resources
preservative, conservative or exploitative -  which is influenced 
by differing attitudes among various sectors o f society.
Eagles (1984, pp.30 -33 ) details the attitudes which these
d iffe re n t sectors o f society display towards use of the environ­
ment and the resources i t  contains. One precondition fo r  
implementing adjustm ents to  existing practices and policies 
relating to  the use o f any resource is attitudinal changes in
these sectors.
The government traditionally has had an utilitarian attitude
towards the resource, where it is seen as the major tool fo r
survival. Companies tend to  be doministic, displaying their
abilities to  conquer the environment and ex trac t the resource
regardless o f the circumstances. The population o ften  tends to
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be neutralistic partly because individuals fe e l helpless against 
the companies, and also because legal provisions often favour the 
la tte r . Immediate economic necessity o ften  is the major justifi­
cation fo r these attitudes.
One objective o f development should be long term sustainabi­
lity. If  this is not possible then the e ffo r ts  are mere pallia­
tives fo r immediate comfort. This suggests that the development 
o f one resource should not eliminate the potential utility o f 
another, but trade o ffs  should be made to facilitate continuation 
of all even if  at d iffe ren t levels o f intensity. The conserva­
tive approach whereby resource use is rationally controlled, 
o ffe rs  the best hope fo r this. It is conceivable in Jamaica’s 
case that bauxite mining could be pursued at the expense of other 
resource use, because the configurations o f the mined landscape 
are such th a t other uses become impracticable without expensive 
repair work. A decision needs to  be made about the extent to  
which this can be allowed without serious detrimental long term  
impacts.
The recommendations made above suggest ways of overcoming 
this dilemma. Because they are posited on a conservationary
approach to resource use, their value is reduced outside o f a
national policy fo r  conservation. Concerns expressed about 
the negative environmental impacts of mining should not appear to
be more serious than those expressed for the impacts o f defores­
ta tion , quarrying, or hillside erosion caused by inappropriate 
farming practices. These are all elements to  be treated by a
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national conservation policy, and as such, articulation of one is
paramount fo r the mining sector’s e ffec tive  participation in the 
long term development goals.
As a partner in the industry, steward o f the country’s
resources, and facilitator of their development, the government’s 
role in the industry should be more than that o f income earner
and monitor. It should participate more positively in elimina­
ting the problem areas which threaten achievement o f sustainable 
development, and encourage positive attitudes towards reclaimed
lands. It could expand its role to include preparing ElA’s for
each area to be mined, and not be hesitant about stipulating the
levels o f extraction permissible in these areas. .The long range
plans are paramount to this process in identifying the levels of 
environmental disturbance tolerable for given end uses.
One important element here is the long range planning
process adopted. There is little  question that mining a ffec ts
its environment as Figure 1 illustrates. However, much remains 
unknown about its true impact on other resource systems (such as 
underground water or farming systems) since e ffe c ts  are insidious
and often  appear several years later when it becomes difficult to
trace their origins. Continuous research needs to be introduced
and maintained over a long period to  identify the genuine 
environmental impacts. Often, national needs invite expedient 
short term answers which are usually economic in emphasis, and
longer term requirements get diverted. Information provided by 
such research however can help redefine national priorities and
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justify  trade -  o ffs  between short term needs and long term  
o b je c t iv e s .
The recommendations made here are based on the idea o f  
sustainable development, and from this perspective, it focusses 
on the results o f present practices and operative policies. 
Central to improvement in the range and sustainability o f end 
uses is the preparation and adoption o f long range regional plans 
fo r  mining areas, a practice th a t is becoming increasingly 
popular among countries with a mining sector in their economy. 
It is seen as being particularly significant here because o f the 
country’s diminutive size, scarce land resources and high 
man:land ratios. It  is appreciated th a t adverse economic 
conditions will delay implementation of many o f these ideas, but 
it is hoped th a t they will be taKen seriously, and some e f fo r t  
made to  gradually incorporate them into the process.
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1942
1943 
1947
1949
1950
1952
1953
1957
1959
1960
1963
1965
1966
1967
1968
1969
1970
APPENDIX I
Summary o f the Historical Development of the Bauxite/Alumina 
Industry in Jamaica
. Existence of "ore confirmed
. Permit granted to Alcan and Billiton to explore and
develop.
. Reynolds starts exploration in St. Ann
. Kaiser starts exploration in Manchester
. Minerals Vesting Act passed
. Mining Act passed
. Bauxite/Alumina Industries Encouragement Act passed
. Alcan starts  small alumina plant in Manchester
. Reynolds ships firs t commercial load o f kiln dried
ore from Ocho Rios
. Kaiser ships firs t load of ore from Manchester
. Alcan ships firs t quantity of alumina
. Jamaica surpases Suriname as number one producer
Alcan announces construction of a second alumina 
plant in St. Catherine 
. Alcoa starts exploration in Clarendon
. Kaiser moves to St. Ann on the north coast
. Alcoa starts construction of its Clarendon Works
. Alcoa starts  mining
. Reynolds expands and improves it facilities
. ALPART consortium formed to construct alumina plant 
in St. Elizabeth
. Revere starts  exploration and development works in
St. Elizabeth
. Alcoa announces construction of alumina plant
, ALPART starts  production
. ALPART starts  expansion of its plant
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1971
1972
1973
1974
1975
1976
1983
1984
1985
1986
. Revere starts  alumina production 
. Alcoa starts alumina production 
. OPEC oil price increases imposed 
. Levy imposed
. Revere closes"
. S tart of partnership between government and companies
, Repurchase of lands started by government
First Agreement signed between government and 
companies
Reynolds closes
. Companies reduce production levels
. Alcoa closes and is reopened by government
. ALPART closes
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A P P E N D IX  II
General Guidelines fo r Reclamation o f 
Bauxite Pits
Case 1 
Conditions
1. Area bordering the pit consists o f rippable limestone 
with a slope o f less than 25°.
2. Vertical faces in the pit are less than 10 f t .  high. 
Reclaim Methods
1. a) "Smooth Bowl"
Bulldoze irregularities in pit floor and fringe  
areas to create a smooth bowl leaving maximum 
slopes of 25°
2. b) "Maximize The Level” (Peripheral Extension)
Grade the fringe areas o f benches within the pit 
to a minimum width of 30 f t .
Provide access to lower benches by ramps of 
maximum 25° slope.
Notes
Both reclaim methods 1a and 1b leave undisturbed:
1. Any vertical face over 10 f t .  high.
2. Any slope steeper than 25° but less than vertical yet 
which is higher than 10 f t .  and equivalent to  a 
vertical 10 f t .  face in the amount o f cut to reduce the 
slope to  25°.
Case 2 
Conditions
1. Area bordering the pit consists o f rippable limestone 
with a slope steeper than 25°.
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Reclaim Methods
2. a) "Rimming1
Select a new floor level so th a t cut from the 
sides and fill into the pit are equal, the
restored area equals the original pit area, and
with side walls which may be up to 90°.
Provide a 'ramp down to floor at 25° maximum and 
restric t floor undulations to 15° maximum.
2. b) "Filling"
Create a new floor by trucking fill from a barrow
pit beyond the pit periphery.
Notes
1. 2b is also applicable if  the bordering limestone is not
rippable
2. 2a is not suitable if  side walls require extensive
blasting or if the slice calculated to be cut would 
produce a bench too narrow for safe bulldozer
o p e ra tio n .
3. In either 2a or 2b, leave vertical slopes over 10 f t .
or other excavated slope if it is too steep for safe
equipment operation or if  it is not rippable.
4. In 2a or 2b if  restored area is less than disturbed
area, the difference may be 'made up* by those pits
where another method creates restored areas greater 
than the original pit surface.
Case 3 
Conditions
1. Pit floor is convex upward and is steeper than 25°.
2. The floor limestone is rippable.
Reclaim Methods
3. a) "Benches or Terraces”
Excavate by bulldozer to build benches o f minimum
30 f t .  width with slopes less than 10°.
Connect adjacent benches by ramps at maximum 25° 
slope.
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Notes
1. For rippable limestone, consider a) forestry or
b) substitution o f an equivalent areas as per mining
law.
2. Slopes between benches will be at angle of repose.
Case 4 
Conditions
1, Exceptionally rugged, difficult areas that do not f i t
the conditions specified in cases 1 -  3.
Reclaim Methods
The company should consult with the Commissioner of Mines to
determine which, if  any, alternative method of restoration 
could be used or if the pit should be abandoned. For this 
case consideration may also be given to using the pit for
red mud storage, as a dump, or for planting forest trees.
Source: Mines and Quarries Division, Ministry o f Mining,
Kingston, Jamaica, 1985.
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APPENDIX III
SCHEMATIC ILLUSTRATION OF THE HISTORICAL EVOLUTION OF APPROACHES TO MINE RECLAMATION
STAGES
Production
1. Very little reclamation: Pre 1910
2. First regulatory requirements: 1960s (revogstatlon omphaslt)'
3. Beginning of preplanning reclamation: Late 1960s and early 1970s
MONITORING
4. Current state of the art: Environmental Impact assessments; Preplanning reclamation; Ultimate land use 
subject to provincial resource management policy
MINING
MINING
MINING
MINING RECLAMATION
ABANDONMENT
RECLAMATION
MINING
PLAN
RECLAMATION
MINING
PLAN
MINING
PLAN
MINING
PLAN
BASELINE
DATA
BASELINE
DATA
RECLAMATION
PLAN
BASELINE
OATA
RECLAMATION
PLAN
RECLAMATION
PLAN
LONG-TERM 
LAND USE
LONGTERM 
• • LANCMJSE
RECLAMATION
AND/OR
ABANDONMENT
Th,f, aama :>»< or e*a j;pr:acn anng eoorax) voturuiJy pt«r lo nso
Source: Marshall, 1982, Vol.II,'p.12
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APPENDIX IV 
Criteria For Ordinal Classification of Data
The following tables show the results of converting the data 
for land use, method of reclamation and land tenure based on the 
criteria indicated for each: "
1. Land Use: this was classified, placed into groups and
ranked in order of decreasing intensity as follows:
Land Use Group Rank
Residential 1
Agricultural -  Mixed Farming 2
-  Improved Pasture 3
-  Unimproved Pasture 4
Industrial 5
Conservation/Recreational 6
Other 7
2. Method of Reclamation: the categories used in Appendix 3
were adopted, adjusted slightly and ranked according to  
difficulty of execution. The 'other* category was subdi­
vided to accommodate red mud dump sites and non-reclamation. 
The following results were yielded:
Reclamation Method Rank
Benching/T erracing 1
Filling 2
Rimming 3
Peripheral Extension 4
Smoothing Bowl 5
Industrial Dump (Red Mud) 6
Unreclaimed 7
Other 8
3. Land Tenure: the status of land tenure was extracted from
existing government and/or company records for each area 
concerned. They were grouped in the following categories 
and ranked according to the area o f land occupied by each:
Land Tenure Arrangement Rank
Government owned/controlled 1
Company controlled/occupied 2
Tenanted government owned 3
Tenanted company controlled 4
Privately owned 5
Other 6
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4. Size: categorization was based on those used in the
Agricultural Census done fo r the Ministry o f Agriculture,
1978, and used nationally for such classifications.
< 5 acres 1
5 -  < 10 acres 2
10 -  < 2 3  acres 3
25 -  < 5 0  acres 4
50 + acres 5
5. Distance: division here was arbitrary, and aimed at getting
a good representation in each category.
< 0 .5  mile 1
0 .5  -  < 1.0 mile 2
1 . 0 -  < 1.5 miles 3
1.5  -  < 2 .0  miles 4
2 .0  -  < 3 .5  miles 5
3 .5  miles + 6
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-APPENDIX VI 
CODED VALUES FOR VARIABLES
' - P i  '
P i t  W /  A N s fc  V ^ s e . " R c -C J L A r A A T jD K J  _ T c J O o ( L £ S > | - 2. . £ T } i s , t a m c &
\ 3 . .  4 a 4
2 3 4 a *•*:> - 4
3 3 4 a 3 3
^ r 3 4 a 4
i T 3 4 a 3 i i .f
3 4 a 1 5
*7 3 4 a I u .\
3 4 a 1 4
3 4 X ii 3
I D 3 a a I 3
V I 3 4 - i< I ' 3
1*2. 3 4 a 1 3
1 3 7 3 i 1 : a
14- s 3 a 3 ' 3
i ! T 3 4 a I ’ . 5
l b 4 4 a 3 5
n 4 4 a a 5
i ? 4 H 3 L ( 5
\H V - 4 a i 5
£ & 3 4 a a 4
SL\ 3 . 4 a 4 3
a a 4 4 4 a 4
5 3 4 4 4 a • 4
4 4 4 3 4
3 A * a a 3
5 ( b 7 1 a i a
2 1 5 (? a s 3
& 7 4 a i 4
* 4 a a 3
3 o 1 a a i 3
3 1 5 k a . i 3
32. 5 6 a a a
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P it  # 6$ (")Ce: ^■€.U_AfnftmoNi 1 £r/V> o £-<? Sl-VG : DtS'74-rtCJZ
3 5 5 6 2 s r 3
4 4 a 3 3
55- 5 6 2 2. 3
2>t 2 - 4 4 2 2
37 1 n 2 3 2
3 y 4 4 6 2 3
3S 4 4 &
3 3
q-D 4 4 6 • 5 2
0-/ 4 4 u 2 4
4-2 1 1 2 2 2_
q-3 4 4 6 n 4
4-0- 4 4 6 2 4
0-5* 4 4 6 3 3
4-6 4 4 .6 3 ■2
0-7 7 4 2 a ')
4-S’ 4 4 2 i 1
• 7 4 2 i 1
5 0 3 4 2 i ;2
51 3 4 2 2 :2
5 2 4 4 <2 1
;/
5 3 4 4 2 3 ,2
S o 4 4 2 / a
55 5 6 2 3 2
St. 5 6 2 2 2
S7 4 4 2 0•S 2
53 3 4 5 3 a
55 3 4 2 «-»0 3
to 3 4 a 2 3
61 5 6 2 1 2
62 5 6 2 2 3
63 5 4 2 3 2
6q- 5 6 2 3 3
65 5 6 2 3 2
t,6 5 (o 2 2 3
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P it  rtf /jwofc* V)<; £ ReU.Atr\fi!tod 1E ro o P~(-
67 5 (o 2 X 3
(p3 5 c? 2 3 2cr 5 (o X 2 2
70 3 H 2 5 3
71 3 x H- 3
72 3 H- 2 *+ 3
73 4 2 H- 3
74- 3 4- 2 3 3
IT 3 1+ a 2 3
7 k 3 Lh a 3 /
77 3 2 / 1
7S 3 H- 2 2 J
79 3 Hr X 7 2
£D 3 . 2 2 2
3 s 2 3 3
2. a 3 "3
53 3 H- 2 3 (
2 a H 2 2
& r 3 H- x  • 3 2
3 H- 2 o•*v
1
97 "7 2. 1 3 X
S-JT 3 1 2 3 X
S3 ■ 3 U-\ 2 4- I
3 2 2
q( 3 u-1 2 3 2
<*2 3 Lf- 2 3 /
3 H- 2 3 6
^  • 3 2 2
G
/
3 lf X 3 (0
% 3 X 3 6
V 3 X J 2
5 5 X 1 /
, q q 3 X 2 5
fOO 3 ' . X 2 4
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Fir # L p m b  t)cp £)/!LTfWV>C^
101 s 8 2 2
102. 7 S o 2 a
103 4 4 a 3 5
toy- 2 ■ - 2 3 3 4
lb S' 5 2 -4 3 3
ID(=> 5 S' 2 3 3
107 5 2 2 1 4
lay 7 3 X I 3
■A^n£=a- F s
t 7 . 5 1 / 4
a. 3 4 X » 4
3 3 4 2 1 , 5
4 2l Hr 4 2 5>S' 3 d 2- 2 4
L a 4 4 1 4
1 5 8 a 2 4
& 3 <ar a 2 5
"7 4 3 3
id L+- 4 £, 1 5
h 4 4 2 t 5
12. 3 4 2 t 3
13 / 4 5 5 2
'4 7 4 1 4
>r 3 4 2 1 4
Ho 7 2 2 4
n / 2- 5 3 I
& / 4- 5 2 i
n 2 X 3 2 l
1 2 5 3 t
* \ ( 4 5 1 2
22 5 ■ V 2. 3 3
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P i t  & t> l U t . AsCLAm&7/OK> lfr/OUG-£r l ~Z-£- l5(£7A-/0C_S
<23 7 s 2 1 2
an­ 4 ( 2 1 3
as' 5 I 5 4 4
a t 4 1 2 3 5
30 L 4 2 / <5
as 4 4 2. 2 5
1 7 2 ( 5
3  0 3 4- 2 t 5
31 7 1 a 1 5
32. 4 I a 1 5
. 3 3 7 1 a 1 5
3 4 7 4 a 2 5
3 5 7 7 a / 6
3 t 5 2 '2 1
37 5 X 2 1 b
3 ? . 4 1 2 2 t
*? a 4 5 2 5
4b 4 5 ' (0 2 5
4 / 4 4 6 / 5
4-2. 2 . 5 3 3 3
4 3 4 5 & 1 5
4 4 4 4 £ 2 3
3 5 6 3 • 4
44 3 5 (0 3
/
5
4-7 4 5 6 4
4? 4 5 6 1 3
49 2  . 4 3 2 2
■5o 5 £> 3 3
51 4 4 L / 4
5 3 7 ( 2 4
<53 3 5 3 3 4
5 4 3 4 / 4
55 4. 4 1 ( 4
S& 4 4 1 a 4
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APPENDIX VII
TABLES SHOWING OCCURRENCE OF VARIABLES IN EACH STUDY AREA 
(Calculated from Field Data -  1985/86)
TABLE A: Number and Area of Pits Occupied by Different Land Use
Categories in Area 'A'
Land Use Number Percentage 
Category of Pits of Pits
Residential 0 0
Mixed
Farming 5 4 .6
Improved
Pasture 48 44.4
Unimproved
Pasture 23 21 .3
Industrial 19 17.6
Conservation/
Recreation 0 „ 0
Other 13 12.1
Area of Percentage of Avg.
Pits (ha) o f Area Size
0 0 0
33.87 6 .0  6 .77
275.28 49 .0  5 .73
80.98 14.4 3.52
141.64 25.2 7 .45
0 0 0
29.98 5 .4  2.31
TOTAL 108 100.0 561.75 100.0 5.81
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TABLE B: Number and Area of Pits Occupied by Different Land
Use Categories in Area 'B’
Land Use 
Category
Residential
Mixed
Farming
Improved
Pasture
Unimproved
Pasture
Industrial
Conservation/
Recreation
Other
Number Percentage Area of Percentage Avg.
of Pits of Pits Pits (ha) of Area Size
5 8.2
19
6
3
12
11.5
14.7
31 . 1
9.8
4.9
19.7
40.39
31.74
29.43
39. 11 
16.28
2.42  
21.97
22.3
17.5 
16.2
2 1 . 6  
9.0
1 .3 
12.1
8.07
4.53
3.27
2.06
2.71
0.81 
1 .83
TOTAL 61 100.0 181.38 100.0 2.97
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TABLE C: Occurrence of Reclamation Methods in Area 'A*
Reclamation
Methods
Number 
of Pits
Percentage 
of Pits
Area of 
Pits (ha)
Percentage 
of Area
Avg. 
Size
Benching/
Terracing 1 0 .9 8.37 1.5 8.37
Filling 7 6 .5 37.11 6.6 5.30
Rimming 2 1.8 9.51 1.7 4.75
Peripheral
Extension 71 65.7 338.37 60.2 4.76
Bowl
Smoothing 3 2.8 14.40 1.8 3.46
Industrial
Fill 15 - 13.9 128.25 22.8 8.55
Unreclaimed 3 2.8 11 .29 2.0 3.76
Other 6 5 .6 18.45 3.3 3.07
TOTAL 108 100.0 561.76 99.9 5.20
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TABLE D: Occurrence of Reclamation Methods in Area 'B1
Reclamation Number Percentage Area of Percentage Avg. 
Methods of Pits of Pits Pits (ha) of Area Size
Benching/
Terracing 6 9 .8  25.71 14.2 4.28
Filling 3 4 .9  16.88 9 .3  5.62
Rimming 0 0 0 0 0
Peripheral
Extension 25 41 .0  65.12 35.9 2 .93
Bowl
Smoothing 13 21 .3  44.64 24.6 3 .43
Industrial
Fill 1 1.6 0 .74 0 .4  0.74
Unreclaimed 4.. 6 .6  5 .03  2 .8  1.25
Other 9 14.6 23.27 12.8 2.59
TOTAL 61 99.9 181.30 100.0 2 .97
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TABLE E: Land Tenure Arranaements for Reclaimed Pits in Area 'A’
Tenure Type Number 
of Pits
Percentage 
of Pits
Area of 
Pits (ha)
Percentage 
of Area
Govt. owned/contr. 2 1.90 5.14 0 .9
Comp. owned/contr. 89 82.40 478.35 85.0
Tenanted G. owned 1 0.90 9.23 1.6
Tenanted C. contr. 7 . 6 .50 33.91 6 .0
Privately owned 1 0.90 5.50 1.0
Other 8 7.40 76.10 5 .5
TOTAL 108 100.00 562.93 100.0
TABLE F: Land Tenure Arrangements for Reclaimed Pits in Area 'B'
Tenure Type Number 
of Pits
Percentage 
of Pits
Area of 
Pits (ha)
Percentage 
of Area
Govt. owned/contr. 6 9.8 9.32 5.1
Comp. owned/contr. 27 44.3 53.86 29 .7
Tenanted G. owned 4 6 .5 18.92 10.4
Tenanted C. owned 2 3 .3  , 3.90 2.2
Privately owned 7 11.5 58.50 32.3
Other 15 24.6 36.87 20.3
TOTAL 61 100.0 181 .38 100.0
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TABLE G: Occurrence of Sizes for Reclaimed Pits in Area 'A»
Size Category Number 
of Pits
Percentage 
of Pits
Area of 
Pits (ha)
Percentage 
of Area
< 5 acres 26 24.1 31.68 5.6
5 -  <10 acres 35 32.4 100.69 17.9
10 -  <25 acres 37 34.2 239.70 42.6
25 -  <50 acres 7 6 .5 84.18 15.0
50 acres + 3 2 .8 105.87 18.8
TOTAL 108 100.0 562.12 99.9
TABLE H: Occurrence . o f Sizes for Reclaimed Pits in Area
Size Category Number 
of Pits
Percentage 
of Pits
Area of 
Pits (ha)
Percentage 
of Area
< 5 acres 33 54.1 37.98 20.9
5 -  <10 acres 16 26.2 43.28 23.8
10 -  <25 acres 10 16.4 66.51 36.6
25 -  <50 acres 1 1.6 15.39 8.4
50 acres + 1 1.6 22.26 12.3
TOTAL 61 99.9 197.56 100.0
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TABLE J : Distance Relationships Between Reclaimed Pits and
Settlements for Area 'A’
Distance Group Number 
of Pits
Percentage 
of Pits
Area of 
Pits Cha)
Percentage 
of Area
< 0 .5 mile 12 11.1 40.06 7.1
0 .5  -  <1.0 mile 33 30.6 124.98 25.4
1.0 -  <1.5 miles 35 32.4 271.79 48.3
1.5 -  <2.0 miles 15 13.9 62.36 11.1
2 .0  -  <3.5 miles 8 7.4 19.99 3.5
3 .5  miles + 5 4.6 25.74 4.6
TOTAL 108 100.0 562.93 100.0
TABLE K: Distance Relationships Between Reclaimed Pits and
Settlements for Area 'B>
Distance Group Number 
of Pits
Percentage 
of Pits
Area of 
Pits (ha)
Percentage 
of Area
< 0 .5  mile 4 6.6 19.79 10.9
0 .5  -  <1.0 mile 4 6.6 27.25 15.0
1.0 -  <1.5 miles 6 9 .8 20.27 11.2
1.5 -  <2.0 miles 19 31.1 56.96 31.4
2 .0  -  <3.5 miles 25 41.0 52.39 28.9
3.5  miles + 3 4.9 4.69 2.6
TOTAL 61 100.0 181.38 100.0
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appendix VIII
R e s u l t s  of L o g - l i n e a r  A n a l y s i s  for Saturated 
Mo d e l  of Da t a
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